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  etatS ytinU, aerA uitneB ni  ylppuS retaW fo tnemssessA 
 
 
 0102 ,siseht gnireenignE yratinaS ni CSM                                        II                 muotrahK fo ytisrevinU
  ﻣﺴﺘﺨﻠﺺ
  
  
وﻻﻳﺔ    ،ﻤﻨﻄﻘﺔ ﺑﺎﻧﺘﻴﻮﻟ اﻟﻐﺮض ﻣﻦ هﺬﻩ اﻷﻃﺮوﺣﺔ هﻮ ﺗﻘﻴﻴﻢ ﻣﻮﻗﻒ اﻹﻣﺪاد اﻟﻤﺎﺋﻲ
وذﻟﻚ ﻟﻠﺤﺼﻮل ﻋﻠﻰ ﻣﻘﺘﺮﺣﺎت وﺣﻠﻮل ﻟﺘﺤﺴﻴﻦ ﻣﻮﻗﻒ اﻹﻣﺪاد .  اﻟﺴﻮدان،اﻟﻮﺣﺪة 
ﺗﻢ إﺟﺮاءاﻟﻤﺴﻮﺣﺎت اﻟﺼﺤﻴﺔ وأﺧﺬ اﻟﻌﻴﻨﺎت ﻟﻜﻞ .  اﻟﻤﺎﺋﻲ ﻣﻦ اﻟﻨﺎﺣﻴﺔ اﻟﻨﻮﻋﻴﺔ واﻟﻜﻤﻴﺔ
ﺔ ﻹﺳﺘﺨﺪام اﻟﻤﻌﻠﻮﻣﺎت اﻟﺘﻲ ﺗﻢ اﺳﺘﺨﻼﺻﻬﺎ ﻣﻦ ﻣﺼﺎدر اﻟﻤﻴﺎﻩ اﻟﻤﺘﺎﺣﺔ ﺑﺎﻹﺿﺎﻓ
دراﺳﺎت ﺳﺎﺑﻘﺔ أﺟﺮﻳﺖ ﺑﻮاﺳﻄﺔ اﻟﻤﻨﻈﻤﺎت ﻏﻴﺮ اﻟﺤﻜﻮﻣﻴﺔ وﺷﺮآﺎت اﻟﻨﻔﻂ واﻟﻐﺎز 
ﻟﻠﺤﺼﻮل ﻋﻠﻰ ﺣﻠﻮل داﺋﻤﺔ ﻟﻤﺸﺎآﻞ إﻣﺪاد اﻟﻤﻴﺎﻩ ﺗﻢ اﻹﺳﺘﻔﺎدة ﻣﻦ .   اﻟﻌﺎﻣﻠﺔ ﺑﺎﻟﻤﻨﻄﻘﺔ
  .اﻟﻤﻌﻠﻮﻣﺎت ذات اﻟﺼﻠﺔ ﺑﻬﺬا اﻟﻤﻮﺿﻮع ﻟﺘﺤﻘﻴﻖ إهﺪاف اﻟﺪراﺳﺔ
، وﻣﺮﺷﺢ رﻣﻠﻲ ﺑﻄﺊ )rotareA edacsaC(ﻧﻤﻮذﺟﻲ ﻟﻨﻈﺎم ﺗﻬﻮﻳﺔ ﺗﻢ وﺿﻊ ﺗﺼﻤﻴﻢ 
 ﻟﻤﻌﺎﻟﺠﺔ اﻟﻤﻴﺎﻩ اﻟﺠﻮﻓﻴﺔ ﻋﻦ ﻃﺮﻳﻖ ﺗﻘﻨﻴﺔ إزاﻟﺔ اﻟﺤﺪﻳﺪ اﻟﻤﺬاب  )retliF dnaS wolS(
ﻓﻲ اﻟﻤﺎء ﻹﻧﺘﺎج ﻣﻴﺎﻩ ﺷﺮب ذات ﺟﻮدة ﻋﺎﻟﻴﺔ واﻟﺘﺄآﺪ ﻣﻦ دﻳﻤﻮﻣﺔ اﻹﻣﺪاد اﻟﻤﺎﺋﻲ ﻟﻤﻨﻄﻘﺔ 
  )tsopdnatS(ﺮآﺰ ﺗﻮزﻳﻊ ﻟﻠﻤﻴﺎﻩ ﺗﻢ ﺗﺼﻤﻴﻢ ﻣ. ﺑﺎﻧﺘﻴﻮ واﻟﻤﺠﺘﻤﻌﺎت اﻟﺮﻳﻔﻴﺔ اﻟﻤﺠﺎورة
 اﻟﺘﻜﻠﻔﺔ اﻟﻤﺎﻟﻴﺔ  ﺗﻢ ﺗﻘﻴﻴﻢ  .ﻟﻮﺿﻊ ﻧﻘﺎط ﺗﻮزﻳﻊ اﻟﻤﻴﺎﻩ ﻓﻲ ﺣﺪود ﻣﺴﺎﻓﺔ اﻟﺴﻴﺮ اﻟﻤﻘﺒﻮﻟﺔ
  .ﻟﻨﻈﺎم اﻟﺘﻬﻮﻳﺔ، واﻟﻤﺮﺷﺢ اﻟﺮﻣﻠﻲ اﻟﺒﻄﺊ، وﺑﺌﺮ اﻟﻤﻴﺎﻩ اﻟﺠﻮﻓﻴﺔ، وﻣﺮآﺰﺗﻮزﻳﻊ اﻟﻤﻴﺎﻩ
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. 
Abstract 
            
           
 
           The purpose of this thesis is to assess water supply in 
Bentiu area, Unity State , Sudan to propose solutions for 
improving the water supply system in terms of quality and 
quantity. Sanitary survey and water sampling were conducted 
for all the available water sources. Some information was 
obtained from the previous studies conducted by the NGOs and 
oil and gas companies working in the area. To obtain 
sustainable solutions for water supply problems, relevant 
information were utilized to achieve the objectives of the study. 
        A model design for aeration system and slow sand filter for 
ground water treatment by using iron removal techniques was 
developed to produce high level drinking water in term of 
quality and to ensure a sustainable water supply in Bentiu area 
and surrounding rural communities. Standpost was designed to 
keep water collection point within a reasonable walking 
distance. Cost analysis was made for aeration system, slow sand 
filters, water well and standpost system. 
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1.Introduction 
 
 
           Insufficient access to water, and particularly improved 
drinking water, is the main problem facing the majority of the 
villages in Unity as the major concern. In Unity, an average 
of 1,053 people shares a single improved water source. Hand 
pumps have been established in only 27% of the villages, 
However31% of these existing hand pumps – a total of 209 – 
were found to be not working. In 42% of the villages it was 
found that villagers are using river water as their main source 
of water. 
 
           From the above we can realize that the water system need 
to be assessed in term of quality and quantity in order to find 
suitable   proposals and recommendations to over come this 
problem. in Benito and the surrounding rural areas.  
  
1.1 Location  
Unity state is located in the southern region of Sudan and 
defined by: 
• Longitudes: 28'40' and 30 '50' E 
• Latitude : 7'00' and 10 '15' N 
 
                Prior to the 2005 Interim Constitution of Southern 
Sudan, Unity was part of the former province of Upper Nile 
in accordance with the boundaries of 1956 in which Upper 
Nile Province consisted of 
Upper Nile, Jonglei and Unity States. The 2005 Interim 
Constitution divided Southern Sudan into10 States, thereby 
creating Unity State. Unity borders South Kordofan and 
Abyei to the north, Warrap to the west, Lakes to the south, 
and Upper Nile and Jonglei to the east separated by the White 
Nile as a natural border. 
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Unity State is subdivided into 9 counties, the counties into 73 
payams, which in turn are subdivided into more than 100 
bomas in the rural areas. The capital of the State is Bentiu. 
The division of Unity into counties and bomas started in 
2005 after the interim constitution entered into force. Borders 
as well as names of counties and payams were modified. The 
return movement and political deliberations led to continuous 
changes as new villages of bomas were founded and others 
are renamed. The boundaries of the new counties are 
recognized by the Government, but are not yet officially 
demarcated. 
 
 
 Bentiu (coordinates 9 ْ 47.74'E) is the capital of the Unity . 
state . It is located at the southern part of Bahr Elgazal river 
,it is apart of Rubkona county ,which consist  of  eleven 
payams ( Bentiu,Rubkona, Budang, Kurkal, Norlamwel, 
Ngop, Kaljak, Dhor Bor, Wathjak, Panhiany and 
Nhialdiu).the total surrounding villages about 390 villages. 
 (Village Assessments and Returnee Monitoring, 2009 state      
report unity) 
 
 Bentiu is located 700 km air – distance south west of 
Kordofan. 
It can be reached by road via Khartoum  - Elobied – 
ElDalang – Heglige – PK – Bentiu with total distance 1154 
km. The distance Khartoum – Elobied is 625 km is an asphalt 
with good comfortable buses . The journey to BE takes two 
days with one bight spent at Elobied . The distance between 
Elobied and BE is 529 km; with 160 km asphalt road 
(Elobied – Dalang sector ) & the remaining sector is paved 
road. It takes between 8 to9 hours by car to travel from 
Elobied to Bentiu 
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Fig (1.1) below gives a rough overview of the 
administrative structure, the main     rivers and roads as 
well as the annual flooded areas in the State 
 
 
Fig (1.1): Location of the study area in unity state 
Source( Village Assessments and Returnee Monitoring  
Analytical Report, Maps and Statistical Tables, 2009) 
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1.2 Climate: 
 
 
  Humid climate with heavy rainfall is prevailing. Rainfall 
starts mid April and lasts end of October every year. 
 Total annual rainfall from The Hydrological  map of 
Sudan drawn by Robertsons Group in 1986 with scale 1:4000 
000 showed that the isohyets line of 800 mm annual rainfall 
passes through Bentiu. The map was drawn from rain full 
data collect for the period 1968 – 1986. 
 
1.3 Temperature 
 
      The average temperature of the unity state as 22c- 39c in 
March --- 18-36c in January--- 21-31 in July – August 
 
 
1.4 Vegetation and Soil  
 
  Unity State is swampy area. It is made up from Tangle 
vegetation of hydrophite plant, water lily, and water hyacinth. 
Papyrus and bamboo are found round the area. 
 The soil is classified as expansive soil, from red to black 
top Soil. The characteristics of this soil when absorbs water 
expands and becomes very soft and when gets dry shrinks. It 
is fertile soil with high content in the upper layer. The red 
soil is due to the presence of iron. During the rainy season the 
soil becomes sticky.  
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1.5 Objectives 
 
 
 
1.5-1General objective 
 
 The focus of this thesis is on the assessment of the water 
supply system in the Unity State (SUDAN) Bentiu area as a 
case study, to develop a comprehensive evaluation for the water 
supply system. 
 
 
1.5-2 Specific objectives: 
 
• To assess the present situation of the water supply sources 
.in terms of both quality and quantities. 
   . 
• To propose solutions for improving the water supply 
system. 
 
 
• To conduct cost study for the proposed solutions for 
solving the problems of water supply in the study area. 
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2. Literature review 
 
 
2.1 Water sources. 
      
        The sources of water supply are divided into two major 
classifications: groundwater and surface water. To these should 
be added rainwater and demineralized water. The groundwater 
supplies include dug, bored, driven and drilled wells, rock and 
sand or earth springs, and infiltration galleries. The surface-
water supplies include lake, reservoir, stream, pond, river, and 
creek supplies. 
                   
                           The location of groundwater supplies should take into 
consideration the recharge tributary wellhead area, the probable 
sources and travel of pollution through the ground, the well 
construction practices and standards actually followed, depth of 
well casing and grouting, and the type of sanitary seal provided 
at the point where the pump line pass out of the casing.  
 
         Wellhead area has been defined under the 1986 
Amendments to the Safe Drinking Water Act as ‘‘the surface 
and subsurface area surrounding a water well or wellfield, 
supplying a public water system, through which contaminants 
are reasonably likely to move toward and reach such water well 
or wellfield.’’ The time of travel of a potential contaminant, 
distance, drawdown, flow boundaries, and assimilative capacity 
are critical factors in determining the wellhead protection area., 
Some of the other hydrogeological considerations in addition to 
well drawdown, radius of influence, withdrawal rate, recharge 
area, and aquifer formation, are the hydraulic gradient, natural 
dilution, filtration, attenuation, and degradation of the 
contaminant in its movement through the zone of aeration 
(unsaturated zone) to the saturated zone and into the water table 
of the wellhead drainage area. These factors must be evaluated 
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in the light of available topographic, geologic, and engineering 
information and the practicality of land-use controls, 
conservation easements, and dedication of land to parks to 
effectively prevent or adequately minimize the potential effects 
of contaminants on the recharge area 
 
        The chemical quality of shallow groundwater (8–20 ft) and 
its quantity can be expected to vary substantially throughout the 
year and after heavy rains, depending on the soil depth and 
characteristics in the unsaturated zone above the water table. 
 
 A dug well is one usually excavated by hand, although it 
may be dug by mechanical equipment. It may be 3 to 6 ft in 
diameter and 15 to 35 ft deep, depending on where the water-
bearing formation or groundwater table is encountered. Wider 
and deeper wells are less common. Hand pumps over wells and 
pump lines entering wells should form watertight connections, 
since dug wells have a relatively large diameter, they have large 
storage capacity. The level of the water in dug wells will lower 
at times of drought and the well may go dry. Dug wells are not 
usually dependable sources of water supply, particularly where 
modern plumbing is provided. In some areas, properly 
developed dug wells provide an adequate and satisfactory water 
supply. However, dug wells are susceptible to contamination 
deposited on or naturally present in the soil when subjected to 
heavy rains, particularly if improperly constructed. This 
potential hazard also applies to shallow bored, driven, and jetted 
wells. Water quality can be expected to change significantly. 
 
         A bored well is constructed with a hand- or machine-
driven auger. Bored wells vary in diameter from 2 to 30 in. and 
in depth from 25 to 60 ft. A casing of concrete pipe, vitrified 
clay pipe, metal pipe, or plastic pipe is necessary to prevent the 
relatively soft formation penetrated from caving into the well. 
Bored wells have characteristics similar to dug wells in that they 
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have small yields, are easily polluted, and are affected by 
droughts. 
 
        In general, drilled wells are superior to dug, bored, or 
driven wells and springs. But there are some exceptions. Drilled 
wells are less likely to become contaminated and are usually 
more dependable sources of water. When a well is drilled, a 
hole is made in the ground usually with a percussion (cable tool) 
or rotary (air or mud) drilling machine. Drilled wells are usually 
4 to 12 in. in diameter or larger and may reach 750 to 1000 ft in 
depth or more. Test wells are usually 2 to 5 in. in diameter with 
a steel casing .A steel or wrought-iron casing is lowered as the 
well is drilled to prevent the hole from caving in and to seal off 
water of doubtful quality. Special plastic pipe is also used if 
approved. Lengths of casing should be threaded and coupled or 
properly field welded. The drill hole must, of course, be larger 
than the casing, thereby leaving an irregular space around the 
outside length of the casing. Unless this space or channel is 
closed by cement grout or naturally by formations that conform 
to the casing almost as soon as it is placed, pollution from the 
surface or crevices close to the surface or from polluted 
formations penetrated will flow down the side of the casing and 
into the water source. Water can also move up and down this 
annular space in an artesian well and as the groundwater and 
pumping water level changes. 
 
         The required well diameter is usually determined by the size 
of the discharge piping, fittings, pump, and motor placed inside 
the well casing. In general, for well yields of less than 100 gpm, a 
6-in.-inside-diameter casing should be used; for 75 to 175 gpm an 
8-in. casing; for 150 to 400 gpm a 10- in. casing; for 350 to 650 
gpm a 12-in. casing; for 600 to 900 gpm a 14-in.- outside-
diameter casing; for 850 to 1300 gpm a 16-in. casing; for 1200 
to1800 gpm a 20-in. casing; and for 1600 to 3000 gpm a 24-in. 
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casing.108 Doubling the diameter of a casing increases the yield 
up to only 10 to 12 percent. 
 
   Source (Joseph A.salvato, Nelson L. Nemerow and FranklinJ,Agardy Environmental 
Engineering fifth edition, 2003) 
 
2.2 Ground water detecting    
 
         Electrical properties are among the most useful 
geophysical parameters in characterising earth materials. 
Variations in electrical resistivity typically correlate with 
variations in water saturation, fluid conductivity, porosity, 
permeability, and the presence of waste material. Depending on 
the particular site, these variations may be used to locate 
contaminant plumes, saline intrusion, stratigraphic units, 
sinkholes, fractures, buried structures, and any other feature 
whose electrical properties contrast with the surrounding 
materials. 
 
         Electrical methods and resistivity can be applied to a wide 
variety of problems encountered in environmental, groundwater, 
geotechnical, and archaeological work, including:  
 
• Location of landfills and bulk buried materials. 
• Delineation of contaminant plumes. 
• Depth of water table and aquifer. 
• Identification and mapping. 
• Continuity of stratigraphic interfaces such as clay 
layers. 
• Mapping of faults and fractures. 
• Location of karst features. 
• Bedrock profiling (useful in seismically noisy areas). 
 
         Multi-electrode Receptivity Traversing (MRT) involves 
deploying an array of electrodes along a survey line connected 
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via multi-core cables to a control unit. Receptivity data is 
recorded via complex combinations of current and potential 
electrodes to build up a pseudo cross-section of apparent 
receptivity beneath the survey line. Direct currents are applied 
directly into the ground through a pair of electrodes and a 
voltage difference measured across a second electrode pair 
provides the necessary information to calculate the apparent 
earth receptivity. The depth of investigation depends on the 
electrode separation and geometry, with greater electrode 
separations yielding bulk receptivity measurements to greater 
depths. 
 
         Different geological materials have characteristic 
resistivity values that enable the identification of boundaries 
between distinct lithologies on resistivity cross-sections. At 
some sites, however, there are overlaps between the ranges of 
possible resistivity values associated with sediments of variable 
composition, e.g., tills and fluvial sediments. The distinction of 
two geological units depends on percentage differences in the 
content of high resistivity coarse-grained material and low 
resistivity clays and water. Borehole, seismic or other 
geophysical surveys can provide useful data to assist with the 
interpretation of resistivity cross-sections where complex 
lithologies are encountered 
 
         Resistivity surveys can provide detailed cross-sectional 
information about a site and a series of traverses carried out 
along parallel lines can enable the production of a 3D model. 
High quality data can be rapidly acquired and error checked in 
the field. Electrical resistivity techniques are extremely useful in 
a wide variety of situations, e.g., for environmental 
investigations, hazardous waste sites, ground water 
exploration, karst features, archaeology, etc. 
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Source (Djebbar Tiab and Erle G Donald Petrophysics theory and 
practice second        edition,2004) 
2.3 classification and characteristics of formations 
  
   
• Igneous rocks ---formed by the cooling and hardening of 
molten rock masses. The rocks are crystalline and contain 
quartz, feldspar, mica, hornblende, pyroxene, and olivene. 
Igneous rocks are not usually good sources of water, 
although basalts are exceptions. Small quantities of water are 
available in fractures and faults. Examples are granite, 
dioxite, gabbro, basalt, and syenite. 
 
• Sedimentary formations ----- resulting from the deposition, 
accumulation, and subsequent consolidation of materials 
weathered and eroded from older rocks by water, ice, or wind 
and the remains of plants, animals, or material precipitated 
out of solution. Sand and gravel, clay, silt, chalk, limestone, 
fossils, gypsum, salt, peat, shale, conglomerates, loess, and 
sandstone are examples of sedimentary formations. Deposits 
of sand and gravel generally yield large quantities of water. 
Sandstones, shales, and certain limestones may yield 
abundant groundwater, although results may be erratic 
depending on bedding planes and joints, density, porosity, 
and permeability of the rock 
 
 
• Metamorphic rocks ---- produced by the alteration of igneous 
and sedimentary rocks, generally by means of heat and 
pressure. Gneisses and schists, quartzites, slates, marble, 
serpentines, and soapstones are metamorphic rocks. A small 
quantity of water is available in joints, crevices, and cleavage 
planes. 
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• Karst areas --- formed by the movement of underground 
water through carbonate rock fractures and channels, such as 
in limestone and gypsum, forming caves, underground 
channels, and sink holes. Because karst geology can be so 
porous, groundwater movement can be quite rapid (several 
feet per day). Therefore, well water from such sources is 
easily contaminated from nearby and distant pollution 
sources. 
 
• Glacial drift is unconsolidated sediment that has been moved 
by glacier ice and deposited on land or in the ocean. 
 
          Porosity is a measure of the amount of water that can be 
held by a rock or soil in its pores or voids, expressed as a 
percentage of the total volume The volume of water that will 
drain freely out of a saturated rock or soil by gravity, expressed 
as a percentage of the total volume of the mass, is the effective 
porosity or specific yield. The volume of water retained is the 
specific retention. This is due to water held in the interstices or 
pores of the rock or soil by molecular attraction (cohesion) and 
by surface tension (adhesion). For example, plastic clay has a 
porosity of 45 to 55 percent but a specific yield of practically 
zero. In contrast, a uniform coarse sand and gravel mixture has a 
porosity of 30 to 40 percent with nearly all of the water capable 
of being drained out. 
                            The permeability of a rock or soil, expressed as the 
standard coefficient of permeability or hydraulic conductivity, is 
the rate of flow of water at 60_F(16_C), in gallons per day, 
through a vertical cross section of 1 ft2, under a head of 1 ft, per 
foot of water travel. There is no direct relationship between 
permeability, porosity, and specific yield. 
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         Transmissivity is the hydraulic conductivity times the 
saturated thickness of the aquifer. 
 
 
 
          The flow through an underground formation can be 
approximated by using Darcy’s law, expressed as: 
 
                             Q = KIA,          where 
 
Q = quantity of flow per unit of time, gpd 
 
K =hydraulic conductivity (water-conducting capacity) of the 
formation, gpd/ft2 (see Table1). 
 
 
I = hydraulic gradient, ft / ft (may equal slope of groundwater    
surface). 
 
A = cross-sectional area through which flow occurs, ft2, at right 
angle to flow direction. 
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 Table .2.1 Porosity, Specific Yield, and 
Hydraulic Conductivity of Some Materials 
 
Material Porosity 
(vol %) 
Specific Yield 
(%) 
Hydraulic 
Conductivity or 
Permeability 
Coefficient, a 
K (gpd/ ft2) 
Soils 55b 
50–60e 
40b 10_5–10 (glacial 
till) 
Clay 50b 
45d 
45–55c 
2b 
3d 
1–10e 
10_2–102 (silt, 
loess) 
10_6–10_2 (clay) 
Sand 25b 
35d 
30–40c 
22b 
25d 
10–30c 
1–102 (silty sand) 
10–104 
Gravel 20b 
25d 
30–40c 
19b 
22d 
15–30c 
 
103–105 
Limestone 20b 
5d 
1–10c 
18b 
2d 
0.5–5e 
10_3–105 
(fractured to 
cavernous, 
carbonate rocks) 
Sandstone 11b 
15d 
6b 
8d 
10_4–10 
(fractured to 
semiconsolidated) 
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10–20c 5–15e 
Shale 5d 
1–10c 
2d 
0.5–5c 
0.5–5c 
10_7–10_3 
(unfractured to 
fractured 
Granite 0.1b 
0.1d 
1c 
0.09b 
0.5d 
10_7–102 
(unfractured to 
fractured, 
igneous and 
metamorphic) 
Basalt 11b 8d 10_7–105 
(unfractured, 
fractured, to lava) 
                                         
 Sources: (D. K. Todd, Ground Water Hydrology, 2nd ed., Wiley, New York, 
1980.). 
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Fig (2.1): Standard coefficient of permeability,cm/sec at unit 
hydraulic gradient 
(Source: G. M. Fair, J. C. Geyer, and D. A. Okun, Water and Wastewater 
Engineering,) 
 
 
2.4 Water Quality & Treatment 
.  
 
        World leaders of the 189 United Nation (UN) member 
states, at the United Nations Millennium Summit held in New 
York on 6 - 8 September2000, agreed to a common goal of the 
United Nations Millennium Declaration to work together on 
global social issues and to ensure that the benefits of 
globalization be inclusive and equitable to all people, especially 
for those in the developing countries or economies (UN, 2000)1. 
 
        This declaration led to the development of the time bound 
and measurable Millennium Development Goals (MDG) which 
provides a framework for global action towards a common goal. 
The MDGs, comprising of 8 goals and 18 targets, are listed in 
Appendix A. The relevant target and goal related to water and 
sanitation are Goal 7 and target 10, which states, 
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         “Goal 7: Ensure environmental sustainability 
          Target 10: Halve, by 2015, the proportion of people 
without sustainable access to safe drinking water and basic 
sanitation.” 
       
                                    (Lenten R. et al, UNDP, 2005) 
 
         At the opening of the water exhibition organized by the       
American Museum of Natural History and the UN Department 
of Public Information in Oct 07, UN Secretary-General Ban Ki-
moon said that “Safe drinking water and adequate sanitation are 
crucial for poverty reduction, crucial for sustainable 
development, and crucial for achieving any and every one of the 
Millennium Development Goals.” Mr Ban also noted that high 
population growth, unsustainable consumption patterns, poor 
management practices, pollution, inadequate investment in 
infrastructure, and low efficiency in water-use are putting huge 
stresses on the earth’s water resources and estimates that the 
current 700 million people in 43 countries affected by water 
scarcity could swell to more than 3 billion by 2025 (UN News 
centre, 24 Oct 2007). 
 
         The World Health Organization (WHO, 2008) affirms that 
“the combination of safe drinking water and hygienic sanitation 
facilities is a precondition for success in the fight against 
poverty and hunger (Goal 1), primary education (Goal 2), 
gender equality and women empowerment (Goal3), child 
mortality (Goal 4), maternal health (Goal 5), HIV/AIDS and 
Malaria(Goal 6), ensure environmental sustainability (Goal 7) 
and develop global partnerships (Goal 8).” 
 
         Prüss-Üstün A. et al (2008) wrote that at least 10% of the 
world’s disease burden (in disability-adjusted life years or 
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DALYs, a weighted measure of deaths and disability) could be 
alleviated by improvement in drinking water, sanitation, 
hygiene and water resources management and these only 
include those diseases which are quantifiable or have adequate 
evidence. The proportion of diseases contributing to this disease 
burden is shown in Figure2. Drinking water quality and access 
improvements are mainly related to the reduction of diarrhea 
diseases, malnutrition and Trachoma. 
 
 
   
 
 
 
 
 
 
 
Figure (2.2): Diseases contributing to the water-, sanitation- & 
hygiene related disease burden 
(Prüss-Üstün A. et al, pp 11, 2008) 
 
 
 
              Prüss-Üstün A. et al (2008) further concluded from a 
systematic review of diarrhea disease literature, that 
improvement in water supply and water quality would reduce 
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the frequency of diarrhea diseases by 25% and 31% 
respectively. 
 
           A major concern of water supply is the spread of the 
infectious water related diseases through the water supply. This 
refers to diseases caused by living organisms (bacteria, viruses 
or parasites like protozoa or helminthes), which are usually 
spread from person to another, or to or from animal, and is 
related to water. Cairncross S. & Feachem R. (1993) classified 
these diseases by their distinct route of transmission through 
water: 
 
• Water-borne route – transmission occurs when 
pathogens in water is drunk by a person or animal 
 
• Water-washed route – transmission is reduced when 
there is sufficient quantity of water for hygiene purposes 
      
•   Water-based route – transmission is due to infection by 
pathogens which spend part of its life cycle in water  
 
• Insect-vector route– transmission is spread by insects 
which either breed in water or bite near water 
 
 
 
           Cairncross S. & Feachem R. (1993) further 
recommended that waterborne and water-washed diseases could 
be prevented with an improvement in quality and sufficiency of 
safe drinking water supply and using this supply rather than an 
unsafe source. 
 
This underlies the importance of water and sanitation for any 
sustainable developments in a country. Evidence exists to 
support the need for improvements in drinking water, but there 
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are still questions in determining what it actually means to have 
adequate access to water of a suitable water quality. What 
would be a safe concentration of any parameter, such that it is 
considered safe? 
 
 
2.4. 1 Water quality 
 
       The WHO Guidelines for Drinking Water Quality (WHO, 
2006) defines safe drinking water as water of a certain 
microbiological, chemical, physical and radiological quality that 
does not represent any significant health risk over a lifetime of 
consumption. In the 3rd edition of the WHO Guidelines, the 
WHO has moved away from setting an international standard 
for drinking water quality to a risk-based approach for setting 
national or regional standards and regulations. 
 
      As the setting of water quality standards depends on the 
local context and conditions, the WHO recommends a 
preventive rather than remedial approach to the management of 
water supplies. There is still a need then to monitor at sufficient 
frequency and ensure that the final water quality meets certain 
water quality standards. Water quality standards should be 
scientific& evidence based and must be determined by local 
authorities based on international guidelines, regional 
recommendations and national requirements 
 
. 
       The WHO (2006) advises that national regulatory agency 
and local water authorities determine and respond to the 
constituents of public health significance, as under any given 
circumstances, only a few constituents are of concern. 
 
       The WHO (2006) guideline assumes a per capita 
consumption of 1 liter of unboiled water for microbial hazards 
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and for chemical hazards, the daily per capita consumption of 2 
liters by a person weighing 60kg. 
 
 
2.4. 1-1 Microbiological water quality 
 
         The WHO (2006) considers the control of outbreaks of 
water borne diseases as the foremost priority in drinking water 
quality control. This is because such infectious outbreaks could 
affect a large number of people in a short period of time. The 
public health burden of the diverse pathogen causing infectious 
diseases depends on the severity, infectivity and exposed 
population size. 
 
         Cairncross S. & Feachem R. (1993) highlighted that all 
faecal-oral diseases and most of the water-based diseases are 
caused by pathogens transmitted in human excreta, normally in 
faeces. Cairncross S. & Feachem R (1993) also explained that 
as many of the pathogens are present in very small number in 
polluted water, it is therefore common practice to detect 
“indicator bacteria”, instead. 
 
            Lloyd (2007) noted that Thermo tolerant coli form and 
Escherichia coli met 7 (bold) out of the following 11 criteria 
for the ideal water industry indicator of the presence of 
enteric-pathogens 
 
• Presence of indicator denote the presence of all 
relevant pathogens; 
 
• Detectable whenever a waterborne pathogen is 
present 
• Present in greater number than the pathogens 
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• Absent when the pathogens are absent 
 
• Abundant in human and animal excreta and 
absent from other sources 
 
• Unable to grow in water. 
 
• Survive longer than pathogens in water 
 
• More resistant than pathogens to disinfectants. 
 
• Rapidly and reliably isolated. 
 
• Easily identified. 
 
• Precisely enumerated. 
 
 
              The WHO (2006) recognized that these 2 indicator 
bacteria are important parameters for verification of microbial 
quality and recommends that E. coli or Thermo tolerant coli 
form must not be detectable in a 100-ml sample of treated 
potable water. The guidelines for microbiological quality for 
drinking water are found in Appendix B. 
 
 
             While indicator bacteria tests provide a quick overview 
of the possible health risk due to faecal contamination, it does 
not allow the detection of some pathogenic viruses and 
protozoan like Cryptosporidium or Giardia OECD & WHO 
(2003) explained that this is because the viruses and protozoa 
have different environmental behaviour and survival 
characteristics compared to faecal bacteria. There is no single 
indicator organism that can be universally used for all purposes 
in surveillance, as each has its own advantages and 
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disadvantages. Therefore, there might be a need for direct 
pathogen testing, which is still in a developmental stage and 
requires a highly specialised laboratory, highly trained staff, 
appropriate safety measures and time. 
 
            OECD & WHO (2003) discussed some of the possible 
microbiological alternative and non-microbial parameters which 
could be used to assess microbial water quality in different 
situations. This is summarized in Table (2.2). It is noted that all 
the parameters, except for Pseudomonas and Aeromonas spp. 
are suitable parameters in outbreak investigations. A more 
detailed explanation of the parameters is found in Appendix B. 
 
              The WHO (2006) thus recommends a qualitative 
microbial risk assessment (QMRA), epidemiological studies and 
case histories of outbreaks to determine the necessary microbial 
water quality improvements needed. This takes into account the 
following: 
 
• Hazard identification – identifying all potential hazardous 
events such as the source(s) and possible time of 
occurrence and the selection and control of possible 
representative organism to ensure the control of all 
pathogens of concern. 
 
• Exposure assessment– subjective estimation of the 
concentration of pathogenic microbes ingested and the 
volume of water consumed treated and/or (un boiled) by 
exposed individuals; 
 
  
 
• Dose-response assessment – study of dose-response of 
healthy volunteer to derive the probability of adverse 
health effect after exposure to pathogenic organisms and 
to determine the infective dose; 
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• Risk characterization - integration of all available 
information from exposure, dose-response, severity and 
risk of infection to determine the disease burden of each 
potential disease in DALYs. 
Table (2.2) Parameters used in assessing 
water quality in different situation 
 
Sanitary survey, 
Source-water & 
groundwater 
characterization 
 
Treatment 
removal 
efficiency 
 
Disinfection 
efficiency 
 
Treated water 
 
Ingress in 
Distributi
on 
system 
 
Regrowth in 
distribution 
system 
 
Thermotolerant 
coliforms 
 
Thermotolerant 
coliforms 
 
Thermotoler
ant 
coliforms 
 
Thermotolerant 
coliforms 
 
Thermoto
lerant 
coliforms 
 
Thermotolerant 
coliforms 
 
Escherichia coli 
 
Escherichia coli 
 
Escherichia 
coli 
 
Escherichia coli 
 
Escherich
ia coli 
 
 
Faecal streptococci 
(enterococci)* 
 
Total bacteria 
(microscopic) 
 
Total 
bacteria 
(microscopi
c 
 Total 
bacteria 
(microsco
pic) 
 
Total bacteria 
(microscopic 
Somaticcoliphages 
 
Viable bacteria 
(microscopic) 
Viable 
bacteria 
(microscopi
c) 
 Viable 
bacteria 
(microsco
pic) 
Viable bacteria 
(microscopic) 
F specific RNA 
phages 
 
Heterotrophic 
bacteria 
 
Heterotrophi
c 
bacteria 
 
 
 
 
 
 
Heterotro
phic 
bacteria 
 
Heterotrophic 
bacteria 
 
Bacteroides phages 
 
Aerobic sporeforming 
bacteria 
 
Aerobic 
sporeformin
g 
bacteria 
 
 Aerobic 
sporefor
ming 
bacteria 
 
Pseudomonas,Aero
monas 
 
 
Clostridium 
perfringens 
 
Clostridium 
perfringens 
 
Somatic 
coliphages 
 
   
Giardia cysts, 
Cryptosporidium 
Giardia cysts, 
Cryptosporidium 
F specific 
RNA 
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Oocysts 
 
 
 
oocysts 
 
phages 
 
Rainfall events* 
 
Particle size 
analysis 
 
Bacteroide
s 
phages 
 
   
Flow * 
 
Turbidity 
 
Flow  
 
Flow  
 
 Flow  
 
 
 
 
Solids (Total and 
dissolved) 
 
 pH  Colour   
 
 
 
Conductivity  Disinfecta
nt 
residual 
 
Disinfectant 
residual 
 
Disinfec
tant 
residual 
 
 
Turbidity 
 
     
Organic matter 
(TOC, BOD, COD) 
 
    Organic matter 
(TOC, BOD, 
COD) 
 
Microscopic 
particulate analysis 
 
 
 
 
 
     
Ammonia 
 
    
* Faecal streptococci and flow parameter are for sanitary survey and surface water characterization only, 
while rainfall is only used for sanitary survey and microscopic particulate analysis is meant for groundwater 
characterization. 
 
 
Source: (WHO, 2006) 
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2.4. 1-2 Chemical water quality 
 
        Natural occurring or pollution-derived chemicals are found 
in varying quantities in water and can be a significant 
contribution to public health problems. The chemicals can be 
grouped according to their original source as shown in Table 3. 
The adverse health effects of most chemical contaminants are 
associated with long-term exposure. Thomson T. et al (2007) 10 
recommended that it is more effective to identify and focus on 
priority chemicals of concern, as assessing and developing 
strategies for every chemical would be impractical and require 
plenty of resources. 
 
Table (2.3) Categorization of source of 
chemical constituents 
 
Source of Chemical 
constituents  
Example of sources 
 
Naturally occurring 
(including 
naturally occurring algal 
toxins) 
 
Rocks, soils, cyan bacteria 
in atrophic lakes 
 
 
Agricultural activities 
 
Manures, fertilizers, 
pesticides, intensive animal 
practices 
 
 
Human settlements 
 
Sewerage & waste disposal, 
urban runoff, 
fuel leakage, 
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Industrial activities 
 
Mining, manufacturing, 
processing, 
 
Water treatment or materials 
in contact with water 
 
 
Water treatment chemicals, 
disinfection by-products 
(DBPs), storage tank/pipes 
material corrosion and 
leeching 
 
 
 
                                                        Source (Thomson T. et al, 2007)  
 
        The WHO guidelines for drinking water quality (2008) 
provide guideline values for “36 inorganic constituents, 27 
industrial chemicals, 36 pesticides, 4 disinfectants and 23 
disinfectant-by-products”, of which the 95 chemicals of health 
significance in drinking water are found in Appendix B. These 
chemicals are chosen based on the following criteria: 
 
• Credible evidence of chemicals occurring in drinking 
water together with evidence of actual or potential 
toxicity. 
 
• Significant international concern; or 
 
• Considered for inclusion or is included in the WHO 
Pesticide Evaluation Scheme (WHOPES) program 
 
 
         The derivation of these guideline values are scientifically 
based on health effect studies on human populations or toxicity 
studies on laboratory animals, supported by other appropriate 
studies. Health effects studies on human population are 
preferred, but there is limited value on such studies because of 
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the lack of qualitative information on the concentration to which 
people have been exposed to and due to simultaneous exposure 
to other agents. There is uncertainty in the findings from the 
more frequently used toxicity studies on laboratory animals 
because of the relatively small number of animals used and 
relatively high dose administered. This requires extrapolating 
the results from animals to humans as the human populations 
are usually exposed to low doses (WHO, 2006). This means that 
most guideline values are likely to be very conservative 
 
Different approaches are taken for the different groups of 
chemicals: 
 
• Carcinogens – non-threshold chemicals, where there are 
adverse health effects at any level of concentration and no 
safe dose; 
 
• Toxic substances – threshold chemicals, where there are 
no adverse health effects below a certain concentration; 
 
• Essential elements – necessary for humans and animals for 
normal functions, for which there is a safe concentration 
range, where adverse health effects are observed from 
deficiency (below safe concentration range) and over-
exposure (above concentration range). 
 
2.4. 1-3 Physical  water quality 
 
 
• Odor -should be absent or very faint for water to be 
acceptable, less than 3 threshold odor number (TON). 
Water for food processing, beverages, and pharmaceutical 
manufacture should be essentially free of taste and odor. 
The test is very subjective, being dependent on the 
individual senses of smell and taste. The cause may be 
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decaying organic matter, wastewaters including industrial 
wastes, dissolved gases, and chlorine in combination with 
certain organic compounds such as phenols. Odors are 
sometimes confused with tastes. The sense of smell is 
more sensitive than taste. Activated carbon adsorption, 
aeration, chemical oxidation (chlorine, chlorine dioxide, 
ozone, potassium permanganate), and coagulation and 
filtration will usually remove odors and tastes. Priority 
should first be given to a sanitary survey of the watershed 
drainage area and the removal of potential sources or 
causes of odors and tastes. 
 
• Taste -- should not be objectionable; otherwise, the 
consumer will resort to other sources of water that might 
not be of satisfactory sanitary quality. Algae, decomposing 
organic matter, dissolved gases, high concentrations of 
sulfates, chlorides, and iron, or industrial wastes may 
cause tastes and odors. Bone and fish oil and petroleum 
products such as kerosene and gasoline are particularly 
objectionable. Phenols in concentrations of 0.2 ppm in 
combination with chlorine will impart a phenolic or 
medicinal taste to drinking water. The taste test, like the 
odor test, is very subjective and may be dangerous to 
laboratory personnel. As in odor control, emphasis should 
be placed on the removal of potential causes of taste 
problems.  
 
• Turbidity --- due to suspended material such as clay, silt, 
or organic and inorganic materials. Enhanced surface-
water regulations in the United States require that the 
maximum contaminant level for turbidity not exceed 0.5 
NTU in 95% of the samples taken every month and must 
never exceed 1 NTU. Additionally, the utility must 
maintain a minimum of 0.2 mg/ l free chlorine residual at 
representative points within the distribution system. 
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Turbidity measurements are made in terms of 
nephelometric turbidity units (NTU), Formazin turbidity 
units (FTU), and Jackson turbidity units (JTU). The lowest 
turbidity value that can be measured directly on the 
Jackson candle turbidimeter is 25 units. There is no direct 
relationship between NTU or FTU readings and JTU 
readings.29 The NTU is the standard measure, requiring 
use of a nephelometer, which measures the amount of light 
scattered, usually at90_ from the light direction, by 
suspended particles in the water test sample. It can 
measure turbidities of less than 1 unit and differences of 
0.02 units. 
 
• Color ---- should be less than 15 true color units (Cobalt 
platinum units.), although persons accustomed to clear 
water may notice a color of only 5 units. The goal is less 
than 3 units. Water for industrial uses should generally 
have a color of 5 to 10 or less. Color is caused by 
substances in solution known as true color, and by 
substances in suspension, mostly organics causing 
apparent or organic color. Iron, copper, manganese, and 
industrial wastes may also cause color. can be controlled 
at the source by watershed management. Involved is 
identifying waters from sources contributing natural 
organic and inorganic color and excluding them, 
controlling beaver populations, increasing water flow 
gradients, using settling basins at inlets to reservoirs, and 
blending water. Coagulation, flocculation, settling, and 
rapid sand filtration should reduce color-causing 
substances in solution to less than 5 units, with 
coagulation as the major factor. Slow sand filters should 
remove about 40 percent of the total color. True color is 
costly to remove. Oxidation (chlorine, ozone) or carbon 
adsorption also reduces color. 
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• Temperature---- The water temperature should preferably 
be less than 60_F(16_C). Groundwater and surface waters 
from mountainous areas are generally in the temperature 
range of 50 to 60_F (10–16_C). Design and construction 
of water systems should provide for burying or covering 
of transmission mains to keep drinking water cool and 
prevent freezing in cold climates or leaks due to vehicular 
traffic. High water temperatures accelerate the growth of 
nuisance organisms, and taste and odor problems are 
intensified. Low temperatures somewhat decrease the 
disinfection efficiency. 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.4. 1-4 Acceptability of water quality 
 
       Drinking water must not only be safe, but it must be 
acceptable to consumers. While most consumers are not able to 
determine the safety of their drinking water due to lack of 
equipments, they could reject the water due to its physical 
appearance, taste and odor and use an alternate unsafe source 
 
        The physical appearance, taste and odor of drinking water 
are affected by microbiological and chemical contaminants in 
water (attached as Appendix B), but the acceptability of 
 Assessment of Water Supply  in Bentiu Area ,Unity State  
 
 
University of Khartoum                 32                                        MSC in Sanitary Engineering thesis, 2010 
drinking water by consumers is also subjective and influenced 
by individual and local factors. As most of these contaminants 
have microbiological and chemical health-based guidelines, the 
parameters that fall into this category would include colour, pH, 
turbidity, hardness and total dissolved solids 
                                                                         (WHO, 2006)  
 
2. 4.2 Water treatment: 
 
        It is common to treat raw water to produce safe drinking 
water for the protection of public health, as most raw water 
quality does not meet safe drinking water standards. Allan S.C. 
(1997) cited that there are eight specific reasons for treatment 
water: 
 
• To remove disease-causing pathogens; 
• To remove potentially toxic natural or synthetic 
substances; 
• To remove dissolved and gaseous radioactivity; 
•  To improve organoleptic quality of water to prevent 
consumer rejecting water due to its physical appearance, 
taste or odour; 
• To prevent bacterial after-growth in the distribution 
system; 
• To prevent deposition and silting up of pipes; 
 
• To prevent corrosion and dissolution of pipes and fittings; 
and 
• To comply with local, national and international law on 
water quality. 
 
         Water treatment is based on a multi-barrier approach to 
removing contaminants and depends, amongst other things, on 
the quality of the source water and final water quality desired. 
The conventional approach is to choose a combination of the 
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appropriate processes at the treatment works. Some of the main 
treatment processes can be found in Table (2.4). Typical water 
treatment processes usually comprises of pre-treatment, main 
treatment and disinfection 
. 
Table (2.4)  Main water treatment process  
Processes  Functions 
Screens 
 
Sets of coarse (100mm spacing) 
to fine screens used as a 
physical removal of larger 
particles such as litters or 
branches and for protection of 
downstream processes 
 
 
Roughening 
filters 
 
Coarse media (rock or gravel 
with size 4 – 12mm) pre-filter 
used to reduce 
turbidity (60-90% removal) and 
faecal coliform bacteria (93 – 
99.5% 
removal) 
 
Micro-strainers 
 
Stainless steel or polyester wire 
fabric mesh of apertures 15 – 
45mm pretreatment strainers for 
removing 40-70% algae cells 
and large protozoa and 
5-20% turbidity removal. 
 
Aeration 
 
The use of a cascade or fountain 
system to introduce air into the 
raw water to 
increase dissolved oxygen in 
water to protect downstream 
processes, reduce CO2, raise 
pH, remove iron and manganese 
from water and improve taste in 
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water by stripping out hydrogen 
sulphide and volatile organic 
compounds. 
 
Off-stream/ bank 
side storage 
 
Self-purification reservoir 
storage to improve water quality 
before treatment 
and to ensure adequate supplies 
at periods of peak demand. 
Storage also eliminates 
variation in water quality due to 
floods and surface run-offs. 
Exposure to sunlight (natural 
UV radiation) kills some 
pathogens and 
removes colour. Long term 
storage allows suspended solids 
to settle and 
reduces turbidity, while algae 
can remove hardness by 
converting 
bicarbonates to precipitate 
carbonates. 
 
Coagulation & 
flocculation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chemical coagulant like alum 
(aluminium sulphate) or other 
salts of aluminium or iron are 
added and rapidly mixed to 
allow colloidal particles in the 
water to coagulate and then 
agitated to flocculate so that the 
flocs can be removed more 
easily later. The efficiency of 
the process depends on the raw 
water quality, coagulant dose, 
coagulant aid, mixing 
conditions and pH. Jar tests are 
usually carried out to determine 
the optimum dose required. 
Optimal coagulation can carry 
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Ion Exchange 
 
out 1-2 log removal of bacteria, 
viruses and protozoa, as well as 
removing turbidity, suspended 
solids, certain heavy metals and 
low- solubility organochlorine 
pesticides 
 
 
The adsorption processes where 
there is a reversible interchange 
of same 
charge ions between a solid ion- 
exchange medium and the raw 
water. With different resins 
used, ion exchange can be used 
for water softening and for 
removal of radionuclide and 
heavy metals, nitrate, arsenic, 
cadmium, 
selenium, uranium and 
dissolved organic carbon. 
 
 
Sedimentation 
 
Solid-liquid separation process 
to remove the solids from the 
raw water by 
allowing the flocs to settle. 
 
Dissolved Airflotation 
(DAF) 
 
DAF functions like a 
sedimentation tank to remove 
flocs, except that air 
bubbles are introduced from the 
bottom of the tank to allow the 
floc particles 
to attach to the air bubbles and 
float to the surface, where it can 
be skimmed 
off. DAF is found to be 
effective in the removal of algal 
cells, 
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Cryptosporidium oocysts or 
humic acids. 
 
Lime softening 
 
 
 
 
 
 
 
The addition of lime or soda ash 
to increase the pH of water to 
reduce 
hardness by precipitating 
calcium and magnesium from 
the raw water. 
Lime softening can also aid in 
the removal of bacteria (2 log 
removal 
maximum), viruses (up to 4 log 
removal) and protozoa (up to 2 
log removal) 
at high pH (>11) depending on 
temperature, time of exposure 
and pH. 
 
 
 
 
Rapid gravity 
filtration 
 
The use of single, dual- or 
multi-media of granular 
material like sand or 
anthracite of different grades to 
allow water to pass rapidly 
through the 
relatively large gaps in between 
the grains to remove the 
suspended solids 
through straining, adsorption, 
adhesion and sedimentation. 
Filtration rates 
are typically 5 – 10 m/h. rapid 
gravity filtration can also 
remove turbidity, 
adsorbed chemicals, oxidised 
iron and manganese from raw 
water. Under 
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optimum coagulation 
conditions, up to 2 log removal 
of bacteria, viruses and 
protozoa can be achieved. 
 
Pressure filters 
 
The rapid gravity filter process 
is carried out in an enclosed in 
an enclosed 
cylindrical shell to eliminate the 
need for a separate pumping 
stage. 
 
Slow Sand 
Filtration 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Membrane – 
Microfiltration 
(MF) 
 
Anon-pressurized, chemical-
free biological filtration process 
where the raw water is passed 
through 0.15-0.3mm diameter 
fine sand of 0.5m to 1.5m depth 
and a flow rate of 0.1 to 0.3 
m3/m2.h. There is a thin 
biological active filter skin at 
the top called the 
Schmutzdecke. A matured slow 
sand filter can remove 
biological particles such as 
bacteria,viruses, 
Cryptosporidium, faecal 
coliform and other organic 
debris up to 4-log removal, iron 
and manganese biologically and 
is effective for the removal of 
algae and organics, including 
certain pesticides and ammonia. 
 
 
 
Physical pressure-driven 
filtration process to remove 
contaminants from 
water using a semi-porous 
membrane media of pore size of 
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0.01-12µm at 
operating pressure of 1 -2 bars. 
Microfiltration can remove 
algae, protozoa, 
bacteria and microbes larger 
than 0.2 micron and is widely 
used to remove 
chlorine resistant pathogens like 
Cryptosporidium oocysts and 
Giardia 
cysts.  
 
Membrane 
filtration – 
ultrafiltration 
(UF) 
 
Similar to MF except that pore 
size is in the range of 1nm – 
100nm. UF 
operates at less than 5bars and 
is capable of removing 
suspended solids 
(turbidity <0.1 NTU), organics 
(molecular cut-off weight of 
800), bacteria and viruses, 
including Cryptosporidium (at 
least 4 log removal). 
 
 
Membrane 
filtration – 
nanofiltration 
(NF) 
 
Similar to UF, except pore size 
is in the range of 0.001mm to 
0.01mm. NF 
operates at about 5 bars and 
rejects divalent ions 
(magnesium and calcium), 
organics (molecular cut-off 
weight above 200), suspended 
solids, bacteria 
and viruses. 
 
Membrane 
filtration - reverse 
osmosis (RO) 
 
Similar to NF, except pore size 
is less than 0.002mm. Operating 
at 15- 50 
bar, only water essentially 
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passes through, while dissolved 
salts, suspended 
monovalent ions and organics 
(molecular cut-off weight above 
50). 
Complete removal of bacteria, 
viruses and protozoa is possible 
with pretreatment and 
membrane integrity conserved. 
 
 
 
Activated carbon 
adsorption 
 
Normally in powdered (PAC) or 
granular (GAC) form using 
porous 
carbonaceous material with 
large surface area (500-1500 
m2/g) for the 
removal of removal of 
pesticides and other organic 
chemicals, cyanobacterial 
toxins, total organic carbon and 
for control of taste and odour. 
 
 
Chlorine 
disinfection 
 
Chlorine is commonly used in 
destroying or inactivating most 
water-borne 
disease-causing micro-
organisms, and as a powerful 
oxidant to improve 
water quality by removing 
reduced nitrogen, iron, 
manganese, sulphide and 
certain organic species. 
Chlorine can combine with 
ammonia to form 
chlorine residual (chloramines) 
to provide protection against 
recontamination in the 
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distribution network. Chlorine, 
chlorine dioxide or 
chloramines can be used. 
 
Ozone 
disinfection 
 
 
 
 
 
 
 
 
 
 
 
As a powerful oxidant, ozone is 
used as a primary disinfectant to 
effectively 
inactivate harmful protozoan 
that form cysts and almost all 
other pathogens. 
Ozone is also effective in 
removing some pesticides and 
organic materials. 
 
 
 
 
 
Ultra-violet (UV) 
disinfection 
 
The adsorption of UV radiation 
with a frequency of 250 – 256 
nm in their 
DNA can inactivate 
microorganisms. A quick, 
chemical-free process, UV is 
able to remove bacteria up to 8 
log removal; viruses up to 6 log 
removal and 
protozoa like Cryptosporidium 
oocysts by a 4 log removal 
depending on dosing. 
 
 
Plumb solvency 
reduction 
 
Small quantities of phosphate 
can be added to reduce lead in 
pipe dissolving 
in treated water. 
 
 
Source:  
(Wikipedia, 2008)and  (WHO, 2006)  
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3.Material and methods 
 
3.1The Study area 
  
          Bentiu and it’s surrounding rural areas. Bentiu is the capital 
of Unity State. It is a zone characterized by swamps, which are 
flooded during the rainy season; the zone is crossed by a river 
called Bahr El Ghazal. 
           
3.1.1 Location  
 
 Bentiu (coordinates 9 ْ 47.74'E) is the capital of the Unity. 
State. It is located at the southern part of Bahr Elgazal River; 
it is apart of Rubkona county, which consist of eleven 
payams (Bentiu, Rubkona, Budang, Kurkal, Norlamwel, 
Ngop, Kaljak, Dhor Bor, Wathjak, Panhiany and Nhialdiu). 
the total surrounding villages about 390 villages. 
  
  Bentiu is located 700 km air – distance south west of 
Kordofan. It can be reached by road via Khartoum - Elobied 
– ElDalang – Heglige – RK – Bentiu with total distance 1154 
km. The distance Khartoum – Elobied is 625 km is asphalt 
with good comfortable buses. The journey to BE takes two 
days with one bight spent at Elobied. The distance between 
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Elobied and BE is 529 km; with 160 km asphalt road 
(Elobied – Dalang sector) and the remaining sector is paved 
road. It takes between 8 to9 hours by car to travel from 
Elobied to Bentiu 
 
         The ArcGis maps below divided the area in to four quarter 
to give a rough overview of the area administrative structure, 
the main rivers and roads as well as the annual flooded in the  
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Study area 
 
Fig (3.1)  --- ArcGis cover Q1  
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Fig (3.2)  --- ArcGis cover Q2 
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Fig (3.3)  --- ArcGis cover Q3   
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  Fig (3.4) ArcGis cover Q4. 
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3.1.2 Water Resources in the study area. 
  
        Water sources in the study area can be divided in to two 
sources surface water source and ground water source as 
detailed below. 
 
3.1.2-1 Surface Water: 
    
River Bahr Elgazal and its tributaries plus water ponds 
(swamps locally called Tongs) are the main surface water 
resource in Unity state. Water of the river as well as water of 
the swaps stagnant. The stagnant water provides suitable 
environment for host of water prone disease. River Bahr 
Elgazal has catchments area of 340.000 square Km, the river 
channel is covered. By water lily and Burdi grass which   
hinders navigation and makes access to the river difficult. 
Surface water resources are the main source of water in 
Bentiu. 
 
3.1.2-2 Ground water : 
 
 Bentiu lies within the Sudan sedimentary Basin, which 
made from Umm Ruwaba formation. Available information 
for Geophysical studies carried for ground water & oil 
exploration in the areas revealed the existence of saline water 
lake in the area (Salama 1997). 
    Recent geophysical studied carried by EDS for WES 
confirmed the existence of saline groundwater at both 
Rubkona and Bentiu for the groundwater aquifer (300 meters 
depth). 
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3.1.3 Socio – economic information in the study area: 
 
    The present population of Rebcona County is 110,622 
person. These figures obtained from (Village Assessments 
and Returnee Monitoring Analytical Report, 2009), however 
national census estimated the population of county to be 
100,236 people. The difference between the two figures 
quoted may indicate the rate of increase of population. 
However there is no other reliable source of the estimation of 
population and because of the continuous movement between 
rural areas and towns, the population figure remains 
uncertain. However for the purpose of this research the 
figures obtained from (Village Assessments and Returnee 
Monitoring Analytical Report, 2009) is used. 
 
3.1.3-1The family size :   
   
    The family size ranges between 10 – 30 person the Figures 
obtained from local people as well as from ACF Home 
visitors at Bentiu. The extension family may be good reason 
for this wide range of family size. 
   The house of the family at Bentiu is made up of 3 or more 
huts surrounded by a fence. All premises are made of local 
material: wood and grass, which brought from the near forest, 
river and swamps. 
 
3.1.3-2 Ethnic groups: 
 
    Nure is the main tribe in the unity state. The, have sub 
clans consisting of: jikangy, Leek, Alor, Bull, Jagei, Adok, 
Nyoung and Panaru. Nuer raise cattle primary, they also have 
sheep and goats. Nure is a big tribe occupies large areas 
extended from Ethiopian border in the East to Bahr ELGazal 
in the West. They settle along the banks of streams during the 
 Assessment of Water Supply  in Bentiu Area ,Unity State  
 
 
University of Khartoum                 49                                        MSC in Sanitary Engineering thesis, 2010 
dry season. They live in temporary cattle camp doing hunting 
and fishing. Meanwhile during the rainy season they move 
with their cattle to higher land away from the swamps. 
    Their villages are located in higher areas and along the 
road. They cultivate Sorghum, maze, simsim, groundnuts, 
pumpkin, Okra and beans. Cultivation near the house yard is 
common practice. 
    They adept nomadic type of life they are not used 
permanent style of life usually practice in towns. They are 
used to life in open air, defecate in near by place where a 
shelter is found drink and wash from river, swaps or stagnant 
water. 
 
3.1.3-3 Economic activities: 
 
        The main source of income is wood and grass selling , 
local wine , tea and food making, working in the military and 
few in civil work. Poor or on irregular income. 
Head of the family Occupation: ACF conducted knowledge, 
attitudes and practice survey at Bantu during the period 15-17 
May 2003. 
Analysis of the survey showed that for a sample of 298 
answers to the questionnaire 74.2% of house hold have a 
man as a head of the family and 25.8% of house hold have a 
woman as head of the family. 31% of the head of family head 
are working with Government Institutions, 12% sell grass 
and wood, and about 10% are working with the army (police 
, soldiers , wild police…).  
 
The income activities are: 
 
•  Wood and grass selling: The wood is collected 
from near by forest 2 km or more away from the town. It 
is transported to the town for houses, fences & shops 
building or use for food cocking. Grass is collected from 
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the riverbanks and swamps and it also used by the 
community for building. Charcoal also made from wood 
and sold for cooking purposes. Charcoal is made inside 
the forest. 
• Local wine, tea and food making Local wine is 
made from sorghum and they are widely sold in the 
markets Tea shops are scatter in the markets and where 
they’re gathering of people. It is concluded from the 
above economic activities that most of the community 
income is related to temporary work. The income is 
small and is not permanent; it depends on demand and 
supply. The low income has negative consequences on 
sanitation and safe water due to fact that any cost 
suppose to be paid by the community will not be 
affordable by the low-income people. 
• Most of the community income is related to 
temporary work. The income is small and is not 
permanent; it depends on demand and supply. The low 
income has negative consequences on sanitation and safe 
water due to fact that any cost suppose to be paid by the 
community will not be affordable by the low-income 
people. 
 
 
 
 
 
 
 
 
 
 
 
3.2 The previous studies conduced by NGOs and GoSS  
 
 Assessment of Water Supply  in Bentiu Area ,Unity State  
 
 
University of Khartoum                 51                                        MSC in Sanitary Engineering thesis, 2010 
    EDS conducted vertical electronic sound survey to 
evaluate the shallow ground aquifer and to determine the 
water zones. The evaluation can be summarized in table (3.1) 
 
 Table (3.1)EDS site location, expected depth and 
water quality (Bentiu) 
 
VES NO Water zone Expected EC µs/cm Water quality 
Bentiu (1) 24-40m 
70-135m 
1360 
980 
Good 
Good 
Bentiu (2) 30-65m 980 Good 
Bentiu (3) 25-60m 1390 Good 
Bentiu (4) 55-100m 980 Good 
Bentiu (5) 50-80m 1040 Good 
Bentiu (6) 15-70m 2220 Unfit 
Bentiu (7) 16-50m 1750 Unfit 
Bentiu (8) 15-35m 
80-120m 
2175 
1390 
Unfit 
Good 
Bentiu (9) 15-50m 1850 Unfit 
 
 
Bentiu (10) 12-28 1515 Good 
Note: Remote sensing evaluation for area which is not 
crossable due to the swamps is conducted. 
 
EDS survey concluded the following: 
 
• Ground water with EC 700 – 1000 µs / cm is detected at 
depth of 70 – 120 m. below the ground level. 
 
• Groundwater is found at free water table conditions. 
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• The shallow aquifer extended from 12 to 135 meters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3 Geophysical data and technical  studies collected from 
oil and gas company working in the area : 
 
    The analysis of the water tapped by the two water wells 
drilled by Tulsman comp in Rebcona town which is lies in 
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the north side of the county. Showed that the water of two 
wells is unfit for human consumption due to high level of 
suphate conc. (400 ppm) and the detection of high level of 
iron and with level higher than the WHO – standard; the two 
wells are abandoned 
 
    A data collected from the wells drilled in the area mainly 
at the south unity showed good water aquifer at different 
zones with good quality of water, but the iron concentration 
exceeds the WHO standard Appendix B.  
 
For the purpose of this assessment master log of unity south 
is used as a good indicator to reflect the formation type and 
the water quality also three wells interpreted in this area 
using interactive geophysics software to reflect the 
geophysical parameters as this information usually obtained 
by using the loging tools during the log of the well at the 
drilling stage in order to investigate the hydrocarbon 
reservoir, hence the master log can be used to evaluate the 
available water zones  (Appendix C) 
  
   
 
 
 
 
   
           . 
 
 
3.4 Sanitary Survey and Water Sampling ( Field work).  
 
       A sanitary survey was conducted to determine the reliability 
of a water system to continuously supply safe and adequate 
water to the consumer. It is also necessary to properly interpret 
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the results of water analyses and evaluate the effects of actual 
and potential sources of pollution on water quality. 
         Water samples were collected as an adjunct to the sanitary 
survey as an aid in measuring the quality of the raw water and 
effectiveness of treatment given. Microbiological examinations; 
chemical, and physical analyses; and microscopic examinations 
made depending on the sources of water, climate, geology, 
hydrology, waste disposal practices on the watershed problems 
likely to be encountered, and purpose to be served. All samples 
properly collected, transported, and preserved as required and 
tested made in accordance with the procedures provided in the 
latest edition of guideline for drinking water (WHO). 
 
3.4.1Sanitary Survey: 
 
     The sanitary survey was conducted by visiting the 
concerned areas as per The below details to cover the water and 
sanitation in order to find good indicators for the present 
situation of the water supply system in the area of the study 
 
 
 
3.4.1-1 Water treatment plant at Bentiu town. 
. 
         UNICEF WTP the present water source is the water 
treatment plant, which was constructed, by UNICEF and NWC 
in 1999. The capacity of the WTP is 400 m3 /day (12 working 
hrs per day). Water is pumped from Bahr ELGazal River to 
steel sedimentation reservoirs. Water is treated and pumped to 
an elevated Tanks (Tow Tanks), and supplied through a 4 inch 
pipe line extended 8 km via three branches. IRC constructed the 
pipeline. The WTP and water network are managed and 
operated by the Government. The Ministry of Housing public 
Utilities of the State is responsible for the management and the 
 Assessment of Water Supply  in Bentiu Area ,Unity State  
 
 
University of Khartoum                 55                                        MSC in Sanitary Engineering thesis, 2010 
operation of the system. The technician of the WTP is at the 
same time occupies the position of the WES chief officer at 
Bentiu. Its capacity is about 400 m3 of daily water supply. 
The plant is still in good conditions and completely operated. 
The treatment plant can be described as follows: 
- A pumping station composed of two diesel pumps running in 
alternation (no information about power or discharge, but 
reasonably it can be about 15 l/s). The pumps are located on a 
floating platform on the riverbank. 
- The treatment block: settlement tank, filtration system and 
chlorination tank. 
- A following pumping system with the same characteristics of 
the one of the river bank that takes the water from the 
chlorination tank and lift it to: 
- Two double clean water tanks 8-10 m elevated and about 25 
m³of capacity, which supply water to the network.. 
The treatment block is a metallic construction divided in 
different chambers. The first one is the flocculation tank, a long 
chamber of approx. 12 m long, 1.5 m large, and 2.5 m depth. 
The inlet is the pipeline coming from the river. Over the inlet 
and outside the water, there are two metallic barrels where the 
aluminum sulphate is mixed and then added. The outlet of the 
tank is located opposite to the inlet considering the longer side 
of the tank. The speed of the water from the inlet to the outlet is 
slowed down (to facilitate the flocculation) by some metallic 
panels installed perpendicular to the way of the current  
Following the way of the water, after the flocculation chamber 
there are two big settlement tanks, where the water sediments 
and reaches, by overflowing, the following sand filtration 
system After the filtration the water is collected in a tank, 
located under the layers of the sand, where the chlorine is 
added. The capacity of this last tank is about 50 m³.   
The water is then pumped to the distribution tanks that are 8-10 
m elevated and by gravity it is supplied to the network .The 
pumps that push the water to the distribution tank have a by 
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pass for the backwashing of the filters; the operation is said to 
be done every two running. 
Concerning the network there are two main lines: the first 
running along the market towards the North, the second running 
along the road of ACF’s (East direction) and by then along the 
road to Rub Kona (North). The number of tap stands is 9; the 
hours of water supply are from 6.00 to 12.00 and from 14.00 to 
18.00. 
There are 7 operators taking care of the plant and the network. 
According to the supervisor, the daily consumption of material 
is the following: 
Aluminum Sulphate 40 Kg 
Chlorine 8 l/day (the chlorine is added in tablets mixed with 
water) 
Diesel 8 gallons – 30 l, (highly unlikely). 
The volume of water supplied is about 400 m³/day (according to 
the supervisor the chlorination tank is filled 8 times per day). 
The supervisor claims that the pumps at the river station work 
continuously from 6.00 to 12.00 and from 14.00 to 19.00. If that 
is true it means that the treatment plant is working at the 
maximum capacity for which it’s been designed. 
There is anyhow possibility to supply more water if the water is 
pumped from the river with the two pumps in parallel (about 
100 m³/hour if the current delivery line, is replaced with one of 
proper diameter) but not double the capacity. 
Indeed all the process is controlled by the connection between 
the settlement tank and the filter system: the overflowing water 
is collected in a channel and conveyed to the below filtering bed 
through a perforated pipeline. The maximum discharge of the 
pipeline could be about 50 m³/h if the system is in pressure. 
This means that the treatment plant could easily go, in 
emergency conditions, up to 600 m³/day. 
        The main problem of the network remains the management 
since from the technical point of view is perfectly operational. 
There’s a lack of technical skills in the operators which have not 
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been trained enough especially in the management of the 
chlorine. 
 
 
 
Fig 3.5: The tank where, Aluminum Sulphate is added. 
 
                    
 
 Assessment of Water Supply  in Bentiu Area ,Unity State  
 
 
University of Khartoum                 58                                        MSC in Sanitary Engineering thesis, 2010 
 
 
Fig (3.6): The two settlement tanks 
 
 
 
Fig (3.7): showing the filtration system 
 
 
3.4.1-2 Lundil WTP: 
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         Lundil a Swidish Petroleum Company constructed this 
water treatment plant. The design capacity of the plant is 80 
cubic M per day. Currently Lundil water treatment is owned by 
Petronas Company. 
The water is provided by Tankers and Venders to Oil companies 
as well as the Military camps in the surroundings area. The 
water plant is situated near the bridge connecting Bentiu with 
Rabkona; there is no network distribution system. 
 
3.4.1-3 Robkona water treatment plant: 
 
         Robkona water treatment plant was constructed in 2003 by 
care under the supervision of NWC. The capacity of this plant is 
40 m3/day UNSIF funded the distribution network. The network 
is made of 6” diameter pipe from the WTP up to the Robkona 
Locality and the 4” pipeline to the water taps "Water Points”.    
 
 
3.4.1-4 Hand Pumps: 
 
        In Bentiu there are 64 boreholes.27 were drilled by CARE 
in 1998 and 37 drilled by the other NGOs working in the area 
but only 37 boreholes are working because part of the boreholes 
got the hand pump stolen or not installed. 
According to the data collected from the program manager of 
CARE-Bentiu the depth of the holes is around 20-25 m and the 
levels of the water table change generally from 6 to 12 m . 
 
        Despite of the soft soil, Bentiu is not an easy place to set 
up a wide drilling campaign. The chemical characteristics of the 
aquifers are not homogeneous (for example the two boreholes in 
Kwermandoka area that are 200 m far, have same depth and 
same level of the aquifer but only one is said to fit human 
consumption). According to some people heard on the field, the 
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aquifer has a huge quantity of iron dissolved, which can be 
likely because the stones that can be collected in situ have a 
typical red colour. 
 Out of the 27 hand pumps constructed by CARE at Bentiu 
only one is found in good operating condition. It is located at 
the higher Secondary school at Bentiu. The water quality is 
good. EC measured during the visit to the school is 1400µm/ 
cm. The Deputy of the school stated that they are using the 
water from the hand pump for hygienic and washing. The 
reason for not using pump water for drinking is due to taste for 
the (pump water is salty). They are using the tap water for 
drinking which is transported via venders from the nearest water 
point of the distribution network. However families living near 
by use hand pump water for drinking and other purposes. The 
remaining 26 hand pumps are either destroyed or spoiled during 
the fighting between the government and SPLA. 
 
Table (3.2) Care Boreholes location. 
Bh number  Location Date in 1998 Depth 
m 
 
 
 
Static water 
level m 
 
Remarks 
1 El Saha 10/11 18 6 Chemically 
fit 
2 Dairy B 11/11 21 6 Chemically 
fit 
3 Dairy B 12/11 18 6 Unfit 
4 Kuea 
mondoka 
12/11 18 6 Unfit 
5 Kuea 
mondoka 
13/11 18 6 Chemically 
fit 
6 Dairy A 14/11 21 6.5 Chemically 
fit 
7 Jalaba 14/11 21 4.5 Chemically 
fit 
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8 Ingaz 15/11 21 4.5 Chemically 
fit 
9 Bimro 16/11 21 4.5 Chemically 
fit 
10 Bimro 17/11 24 4.5 Chemically 
fit 
11 Bimro 17/11 27 0 Low yeld 
12 Bimro 18/11 27 0 Low yeld 
13 Hospital 19/11 21 0 Low yeld 
14 School CPD 19/11 21 10.5 Unfit 
15 Hai El Matar 20/11 21 11 Chemically 
fit 
16 Bimro 21/11 21 12 Chemically 
fit 
17 Bimro 22/11 21 12 Chemically 
fit 
18 Bimro 23/11 21 12 Chemically 
fit 
19 Bimro 24/11 18 9 Chemically 
fit 
20 Bimro 25/11 21 11 Chemically 
fit 
21 School CPD 25/11 21 12 Chemically 
fit 
22 Sharia Hai El 
Matar 
26/11 21 12 Chemically 
fit 
23 Ingaz 30/11 18 6 Chemically 
fit 
Source:  CARE – Bentiu 
  
 
 
 
3.4.1-5 the river and the swamps: 
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        The others permanent sources of water is the river water 
and the ponds water. Usually the community take water from 
the river or ponds to fill in the gap if they are originally have 
access to the limited number of the water distribution points; 
other wise they take water from the river. The swamps water is 
used for washing   and fishing; crocodiles are also found in the 
swamps. 
 
 
 
 
Fig (3.8) :Bhar Elgazal river 
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Fig (3.9): Goggle earth map for the Swamp area. 
 
3.4.2 Sanitation: 
 
 Improved pit latrines are limited to NGO ,where the 
Traditional pit latrine are used by some  members of the 
community. The depth of the pit latrine differs from area to area 
in the towns depending on the geological nature of the earth and 
the presence of the shallow perched water. Such water is 
accumulated in the subsurface where geological conditions 
allow. Most of the house holds pit latrine previously constructed 
by CARE, WES, OXFAM are not in operation. 
 The main problems of the latrines are:-  
Collapse of the wall during the construction, level of the 
perched water in some places is near (2 to 3) meters from the 
ground such case hinders the construction of the pit latrine. 
When the pit latrine is full with residues the owner dams it and 
constructs another one within the areas of this house. By time 
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most of the house will be used while the problem of inadequate 
sanitation system remains unsolved. At the bases and centers of 
NGOs improved pit latrines are used. The latrine has depth 
above the level of the perched water; the walls were constructed 
by bricks, while the top is covered by concrete slap with PVC 
ventilation pipe and manhole to allow for evacuation of the 
residues. 
  
3.4.2-1 Solid waste disposal : 
 
 Green trucks are available for, garbage. The green trucks 
services are shard between Bentiu and Robkona  to Collect solid 
disposal from house, offices and market then taken away to a 
dumping area out side the towns. 
 
3.4.2-2 Drainage System : 
 
 The area is swampy; lily water plant covers the surface of 
the river and the swamps. The lack of contour map and 
difficulties to cross are the main reason hindering proper 
evaluation of the drainage status. Drawing of the contour map is 
urgent for drainages system making. Meanwhile people living in 
risky areas of flood area to move to more safe areas. The 
swamps near by residential areas remain main source for 
malaria & diarrhea as reflected in the medical records. The poor 
drainage available at present is meant to drain the water out side 
the place (house, market, school). A contour map is needed and 
essential for prepare proper drainage system. 
3.4.2-3 Hygiene : 
 
 The hygiene is related to community habits, tradition, 
deeply rooted in them. Defecation in open area is common, 
cleaning with grass seems more convenient for more, illiteracy 
is high especially among female. Long conflict and war played 
important role to deprive female and male from education. 
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 3.4.2-4 Risky Habits and Practice: 
 
         The food and water are kept open without cover which 
invites flies and mosquito to live and to carry disease to food 
and water. The practice of cleaning one self from defecation by 
grass, stone or soil is improper means of cleaning. Defecation in 
the bushes, near house, near water allows for transportation of 
waterborne disease. Poor hygiene is due to nomadic style been 
practice in area limited or lower income, poor wearing.  
 
3.4.3 Water Sampling: 
 
         Water sampling conducted for the working WTP in Bentiu 
town which is considered as the main source of the safe 
drinking water for the area, the river water where the most of 
the local people take their drinking water from the river, the 
Higher secondary school borehole to reflect the water quality of 
the boreholes drilled in the area and the swamp water, which 
used by local people to fill the shortage of the water in the area. 
 
 
 
 
3.4.3-1UNICEF WTP 
 
 Some water analyses were performed at the fountains and 
at the chlorination tank as per table (3.3).  
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Table (3.3) Microbiological and physical 
testWTP  
 
Area 
 
Location 
 
PH 
Turbidity  
[NTU] 
Free 
chlorine 
Residual 
[mg/l] 
Faecal 
Coliform
/100 ml 
Bentiu Chlorine tank UNICEF  6.8 5 0 10 
Bentiu Fountain 6.8 5 0 10 
 
 
3.4.3-2 Higher Secondary school Hand pump: 
 
         Water analyses conducted, however The Deputy of the 
school stated that they are using the water from the hand pump 
for hygienic and washing. The reason for not using pump water 
for drinking is due to taste as the water is salty.  
 
Table (3.4) Microbiological and physical test 
higher secondary school 
 
Area 
 
Location 
 
PH 
Turbidity  
[NTU] 
Conductivit
y 
[µm/Cm] 
Faecal 
Coli form 
/100 ml 
Bentiu Higher secondary 
school  
7.4 2000 1400 10 
 
 
 
 
 
 
3.4.3-3 Tulsman Company wells: 
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        The analysis conducted for water well drilled by Tulsman 
Company as per table (3.5). 
.  
Table (3.5) physical and chemical test 
Tulsman well 
Appearance    Turbid with floating parts 
PH                               8.5 
Chloride                  mg/l 70 
Sulphate     mg/l 400 
Magnesium            mg/l 48 
Total iron                   mg/l 0.36 
T. alkalinity           mg/l 200 
TDS                         mg/l    470 
Turb                        NTU   25 
Calcium                  mg/l 120 
Temp when tested    cºlº 28.5 
Conductivity       µs/cm 960 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4.3-4 Bahar Elghazal river: 
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Water analysis conducted for sample collected from Bahar 
Elgazal River as per table (3.6) 
 
Table (3.6) physical and chemical test 
Bahar Elgazal river 
Appearance    Turbid with floating parts 
PH                               5.7 
Chloride                  mg/l 10 
Sulphate     mg/l 14 
Magnesium            mg/l 14 
Total iron    mg/l Nil 
T. Alkalinity    mg/l 75 
TDS                           mg/l    80 
Turbidity                  NTU   100 
Calcium                  mg/l 16 
Temp when tested    cºl 31.2 
Conductivity       µs/cm 180 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4.3-5 Swamp area: 
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Water analysis conducted for a sample of water taken 
from swamp area as per table (3.7). 
 
 
 
 
Table (3.7) Microbiological and physical 
test swamp area 
 
Area 
 
Location 
 
PH 
Turbidity  
[NTU] 
Faecal 
Coli form 
/100 ml 
Bentiu Swamp area 5.7 >2000 >100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.Results, analysis and discussion:  
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4.1 Water quantity in the study area: 
 
        The safe drinking water in the study area produced by the 
following water sources: 
 
Table (4.1) available water sources in the 
study area. 
Water source NO Total daily 
production cubic 
meter 
Bentiu town WTP ------ 400 
Lundi WTP ----- 80 
Rubcona town WTP --- 40 
Boreholes hand pump 64 3200 
Hand dug  5 100 
Total daily production 3820 
 
From table (4.1) the maximum daily production is 
assumed, although at the time of the sanitary survey for 
collecting the information 37 boreholes only were working and 
the remaining 27 boreholes either stolen or defected. Also we 
assume 50 cubic meter daily productions for each borehole hand 
pump for the analysis purpose considering that the ability of the 
reinstallation of the defected boreholes, however the quality of 
the produced water will be discussed. 
 
 
 
 
 
4.1.1 Daily water consumption calculations: 
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The maximum daily water consumption = Available water with 64 boreholes 
 Total population 
 
=  3820x1000  = 34 liter/person/day 
 110,622 
 
The present daily water consumption =  Available water with 37 boreholes 
 Total population 
 
Hence there are only 37 boreholes working the available 
water will be as follows: 
 
Table (4.2) The present water source in the 
study area 
Water source NO Total daily 
production cubic 
meter 
Bentiu town WTP ------ 400 
Lundi WTP ----- 80 
Rubcona town WTP --- 40 
Boreholes hand pump 37 1850 
Hand dug  5 100 
Total daily production 2470 
 
=  2470x1000  = 22.3 liter/person/day 
        110,622 
 
WHO recommended water consumption range from (45---
60) liter/person/day, which reflect the critical situation of the 
safe water in the study area and give reason for the local people 
to use the raw water from river and ponds to fill the gaps. 
 
If we assumed that the require water consumption 50 
liter/person/day the gap between the present consumption and 
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the recommended water consumption will be 26.7 
liter/person/day which is higher than the present water 
consumption in Bentiu area. Also this figure supported the 
survey conducted by (Village Assessments and Returnee 
Monitoring Analytical Report, 2009) as the report state that out 
of 390 villages 245 take their drinking water from river and 
ponds .for more details see fig (4.1)  
 
 
present w ater source
9%
56%
33%
2%
w ater treatment plants
River and ponds
Boreholes hand pumps
Hand dig hand  pumps
            
Fig (4.1): Correlation between the present water sources 
 
 
 
 
 
 
 
 
 
4.2 Water quality  in the study area: 
 
4.2.1Water treatment plant Bentiu town 
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        The water treatment plant as well as the network was 
constructed during an emergency status (civil war). They are 
established to serve a population estimated to be 34000 and 
provide, sectors of the town, which are now no longer existing 
due to the relocation, and plot of the town please refer to Fig 
(3.4). The town new plot extended 12 km from the river while 
before it extended to 1 or 2km. The population at present is 
110,622 and the number is extended to increase with the peace. 
Accordingly the current water plant cannot be the main water 
source in the area.  
 
        The plant also affected by the poor level of management of 
the network: the operators are not trained enough and they don’t 
have any mean to check the water from the quality point of view 
the collected samples during the sanitary survey showed an 
abnormal value of faecal coli forms after the chlorination). 
Please refer to table (3.3) the faecal coli forms is10/ 100 ml 
which considered Microbiological contamination on the other 
hand the free chlorine residual was zero. 
 
        There is anyhow possibility to supply more water if the 
water is pumped from the river with the two pumps in parallel 
(about 100 m³/hour if the current delivery line, is replaced with 
one of proper diameter) but not double the capacity. 
 
Indeed all the process is controlled by the connection between 
the settlement tank and the filter system: the overflowing water 
is collected in a channel and conveyed to the below filtering bed 
through a perforated pipeline. The maximum discharge of the 
pipeline could be about 50 m³/h if the system is in pressure. 
This means that the treatment plant could easily go, to 600 
m³/day where the pumps working 12 Hour/day. 
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The insufficient extension of the network in case of possible 
increasing of water supply also problem. Actually there are 9 
fountains to supply about 400 m³. It is better to keep the current 
plant and network to feed the network area only. Also this 
proposal can be proposed for Rubcona plant, which produced 
only 40 m³/day with 5 fountains, which consider not enough 
even for the network area. 
 
4.2.2 Borehole Hand Pumps   
     
       Although the boreholes supplying about 37% of the 
required water in the area but the boreholes can not be 
considered as    a durable water source in the area due to the 
following reasons: 
 
• It is very difficult to keep the borehole hand pump 
operating in a good condition due to the life style of the 
local people and this showed during the sanitary survey 
only 37 hand pumps functional out of 64 hand pumps. 
 
• The chemical characteristics of the aquifers are not 
homogeneous, table (3.2) showed that the two boreholes in 
Kwermandoka area that are 200 m far, have same depth 
and same level of the aquifer but only one is said to fit 
human consumption). And this assured the possible 
change of the water quality in the reservoir. 
 
•  The auriferous zones contains more than one water zone 
each has different water quality. Such situation explain 
why there was deterioration of the water of the previously 
drilled hand pumps is due to improper design there is 
always possibilities of the saline zones to contaminate 
fresh water zones if the saline zones are not isolated.. 
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• Nomadic life style presented by defecation in the bushes, 
near houses and near water sources allows for 
transportation of waterborne disease. However the area is 
flooded area with heavy rains this lead to the 
contamination of the shallow aquifer from the surface 
infiltration. 
 
• The chemical quality of shallow groundwater and its 
quantity can be expected to vary substantially throughout 
the year and after the heavy rains, for example the higher 
secondary school hand pump, the peoples claims that the 
water is salty during the sanitary survey although at the 
installation period 1998 it was chemically fit as stated by 
Care in table (3.2). 
 
• The shallow aquifer contains iron in concentration exceed 
the recommended concentration more than 0.3 mg/l 
Appendix B. 
 
         During the sanitary survey Higher secondary school 
borehole hand pump taken as example for the boreholes, where 
a sample of water was tested .the result as per Table (3.4) 
showed very high value for turbidity about 2000 which should 
not exceed 5 NTU As per WHO standard also the sample 
contain 10 fecal coli form /100 ml which considered 
bacteriological pollution due to fact that the apron is not 
sufficient to drain the area. 
 
    
 
 
 4.2.3 Bahar Elghazal River:. 
 
        The river is the main source of the water, which provides 
56% from the consumed water in the area regardless to the 
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quality of the water, which is considered the main reason for the 
water borne diseases. 
  
      The result of the sample of water collected from the river 
showed high turbidity value and low ph value due to aquatic 
plant. 
 
     Although the river water can be treated by construction of 
new water treatment plant to fill the gap, the network will 
remain as a big problem as the area is flat all over the area and 
the local people spread at least 12 KM away from the riverbank 
that means there is no possibility to push water in to network by 
gravity, it is essential to use pump to distribute water even from 
the main pipe line to the sub-pipe line thus the cost will be very 
high also the administration and maintenance will be very 
difficult and costly. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2.4 Ground water. 
 
       Data collected from the drilled wells in the area mainly at the 
south unity showed good water aquifer at different zones.  For 
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the purpose of the analysis the master log of unity south, 
appendix (C) will be discussed. 
 
 
1. Zarf formation: from 36 up to 172 m the formation 
consisted of sand stone, sandy clay and clay stone with 
more than aquifer. Iron, potassium and manganese were 
detected during the logging and sampling. Also the 
chemical characteristics of the aquifers are not 
homogeneous that means there is possible change for 
water quality in the reservoir. 
 
2. Adok formation: from 172 up to 362 m the formation 
dominated by sand stone with interposed shale. Mainly the 
porosity is good and the sand is well sorted .up to 300 M 
the aquifer contain saline water. However in 350 M depth 
there is good aquifer with good cap rock but iron traced in 
the water with concentration of 0.7 mg/l. 
 
3. Tendi formation:  from 362 up to 632 m the formation 
dominated by shale with interposed of sand stone of fine 
to coarse grain, poor sorted which possible criteria for 
good aquifer at 540 M depth, with iron concentration of 
0.8 mg/l. 
 
4. Nayil formation:  from 632 up to 889 m the formation 
consisted of shale and sandstone overlaid by thick shale of 
Tendi shale, the sand is graded from medium to coarse 
grain, the porosity ranging from fair to good, there is very 
good aquifer at 630 M depth but the iron concentration is 
0.8 mg/l. 
 
        From the above we can conclude that the area is rich by the 
water aquifers in many formations from 300 m up to 889 m 
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depth with out any gases or saline problems. However the 
concentration of the iron exceed the WHO standard. 
    
        Drilling deep water wells superior to build new water 
treatment or dug additional boreholes to solve water quality and 
quantity problems in the study area for the following: 
 
• Drilled wells are less likely to become contaminated. 
• Drilled wells are usually dependable source (durable for 
long time) 
• Low cost for water treatment compared with water 
treatment plant. 
• Cope with life style of the people in the area, the people in 
the area living in 390 villages distributed around Benito 
town and Robkona town and they are not willing to 
change their places. 
• No need for long network as the network for the well can 
be very short. 
• Administration and maintenance cost is very low 
compared with water treatment plant. 
• Eliminate the conflict reasons in the area most of conflicts 
is due to shortage of water at the water source. 
• Keep the range for access to drinking water as per WHO 
recommendation maximum 3 KM. 
• Deep water well cannot affected by the risky habit and 
poor hygiene of the local people (defecating near to water 
source). no transportation for the Microbiological 
contaminations. 
Hence proper well design and iron removal proposal will 
solve the problem of the water in the study area. 
 
  4.2.5 Ground water treatment. 
 
4.2.5.1 Removal of iron in ground water. 
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• Water consumption for the rural area range (45—60) 
assuming 50 l/p/d. 
• Well will serve 5000 person 
 
Hence    Q = 50X5000   = 250 m³/d 
           1000 
From the previous study the Maximum ion concentration 0.8 
mg/l. but the accepted iron concentration should be less than 0.3 
mg/l. Hence the aeration process is needed to oxidize the iron. 
When iron is oxidized. 
                  
 ++ 
              4fe   + 3O2    →  2 fe2 O3 
          
 ++ 
              fe   + ¾O2   →  1/2 fe2 O3 
 
                       ++ 
Molecular weight of  fe = 56.0 g/ mole 
Molecular weight of  O2  = 32   g/ mole 
  ++   
56 gm of fe     =3/4 *32 of O2 
  + + 
0.8 gm of fe     =X gm of O2 
 
X=0.8*24/56=0.34 mg/l 
Hence the required oxygen concentration to 
complete the oxidation of the iron=0.34 mg/l 
Aeration process is required to increase the oxygen 
concentration of the treated water. Cascade system will 
be used to introduce air into the raw water in order   to 
increase dissolved oxygen in water to remove iron and 
improve the taste. 
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4.2.5.2 Cascade design. 
 
  
 
       Fig (4.2) Scheme of the width of a cascade trough 
 
                      k = Ce – Co / Cs – Co 
 
                                in which:   
   k  = Efficiency for each step  
   Ce = Oxygen concentration in the effluent  
   Co=  Initial Oxygen concentration  
   Cs = Oxygen saturation in the atmosphere. 
 
 
 
Table (4.3) - Efficiency coefficient k of 
different gases as a function of the weir 
height  
 
 Assessment of Water Supply  in Bentiu Area ,Unity State  
 
 
University of Khartoum                 81                                        MSC in Sanitary Engineering thesis, 2010 
K 
[%] 
h = 
0.2 
h = 
0.4 
h = 
0.6 
h = 
0.8 
h = 
1.0 
h = 
1.2 
O2 14 25 36 46 51  55 
CO2 14 14 15 15 15 15 
CH4 14 27 37 48 56 62 
Source (Tchobanoglous, George;Hand, David W.;Trussell, R.Rhodes;Howe, Kerry 
J. Water Treatment: Principles and Design, 2005) 
  
From table (14) use 1M heights with 51% efficiency. 
 
• First step calculations: 
                      k = Ce – Co / Cs – Co 
 
Co= 0 for the ground water, K= 0.51 from the table 
Cs can be calculated. 
 
Where   
p=101.3 Kpa,     at sea level dry air contain 20.948 O2 
 
 P’ = Partial pressure= 20.948 * 101.3 /100= 21.22 KPa   
  
Vp = Vapor pressure of water, from table=4,24 Kpa at 30c 
 
The corrected partial pressure= p’(p-Vp)/p=21*(101.3-
4.24)/101.3= 20.33 Kpa. 
 
 
 
Cs= kd *P”  *Mw/RT 
In which: 
Kd = Distribution coefficient for oxygen in water =0.0296 
from tables. 
Mw  = molecular weight of oxygen=32. 
T      = 30+273 =303 K. 
R      = universal gas constant 8.31g/kmole 
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 Hence  
Cs= kd *P”  *Mw/RT =0.0296X20.33X32X1000 =7.64 mg/l 
                   8.3143X303    
 
         K = Ce – Co / Cs – Co 
       0.51=(Ce–0)/(7.64–0) 
 
         Ce =3.8964 mg/l 
• Second step calculations 
 
From table (14) use also 1M heights with 51% efficiency 
Co= 3.8964 mg/l from the first step, K= 0.51 from the table 
Cs = 7.64 mg/l.  
 
         K = Ce – Co / Cs – Co 
                   0.51=(Ce–3.8964)/(7.64–3.8964) 
 
         Ce =5.8085 mg/l 
 
 Ce>> 0.34 mg/l OK. 
The total height of the cascade system 2 M which 
accepted (2 up to 7M) OK. 
 
Hence use cascade aerator with two-step each 1M height. 
Weir loading= qw =Qw/Lnet 
 
Should be ranged (50-100) m³/m.h  
Assume weir loading = 75 m³/m.h 
 
• Fall time= t= √(2.h/g) = √(2X1/9.81)= 0.45 second. 
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• Lnet = Qw/qw = 250/24X75 =0.15 M. 
 
• d = thickness of the falling water jet= d =  
 
((Qw)^2/gXLnet))^1/3=((2.9X10^-3)^2/9.81X0.15))^1/3 
 
= o.o182  say= 2cm 
 
• Vo = velocity of the falling water jet=Qw/LnetXd= 
 
       2.9X10^-3/0.15X0.02 = 1.04 m/hour. 
 
 
• x =Vo *t =1.04 *0.45= 0.466 m. say 0.5 m 
 
 
From the design criteria B should be 2x as shown in Fig 
(14). 
 
Hence B= 2X=2*0.5=1M Trough width. 
 
• Trough depth 
 The retention time should be 30 minute  
Q=V/T , V=Q*T=30*0.173=5.19 m³ let V=5.2 m³ 
 
From the design criteria H=trough depth should be 2/3 h 
 
Hence H=2*1/3=0.75 m 
 
 
 
V= L*H*B ,L =V/B*H =5.2/1*0.75=6.933 let L=7m 
 
Hence choose cascade of two-step each step: Im weir 
hight, 1m trough width, 7m length and 0.75 m trough 
depth. As per the below drawing 
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Fig (4.3) Detailed design of cascade trough 
 
 
 
 
 
4.2.5.3 Slow sand filter design. 
 
Filtration rate=Vf, ranged (0.1-0.4) m/h assume 0.15 m³/m².h 
 
Total filtration area=Q/Vf=10.416/0.15=70 m² 
 
Hence use two filters each 70 m² 
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Table (4.4) – Slow sand filter design 
parameter.  
 
DESIGN PARAMETER RECOMMENDATION 
Depth of filter bed: 
 
Bed Depth 
 
 
1.0 m 
Bed Area 
 
70 m² 
Sand size: 
 
Effective size (d10) 
 
0.15 mm-0.30 mm 
 
Uniformity Coefficient (UC) 
 
< 5 (preferably <3) 
 
Depth of gravel support 
 
0.3 m 
Depth of supernatant (headwater) 
 
1.0 m 
Filtration Rate 
 
0.15 m³/m².h 
 
Assume 7mX10m slow sand filter. Detailed as per figure (16) 
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 Fig (4.4) slow sand filter plan and section 
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4.2.5.4 Storage ground water tank. 
 
Assume the tank capacity for retention time 6hours  
Tank capacity=250/4= 62.5 m³ say 72m³ 
Assume depth 3m, hence area=72/3 = 24m² 
 Use 6X4X3 m concrete tank. 
 
4.2.5.5 Elevated water tank 
 
Use 2 steel tank with total capacity =72m³ 
Each tank 3mdepthX3m width X4m length. 
 
 
4.2.5.6 Standpost design 
 
For Target population of 250 persons per tap. The number 
of taps for 5000 persons= 5000/250 = 20 taps  
(Manual for water system and pipe work) 
Hence we can use four-tap concrete stand post as detailed in 
the drawing. The standpost should be fenced to deter 
animals and children 
 
5 standpost should be constructed and distributed taking in 
consideration the following point: 
 
• Walking distance should not be more than 
3Km.in avery sparsely area. 
• Walking distance should not be more than 500 
m in density population area. 
• Asoak-away pit consist of a hole of 
approximately 0.5m² and 0.8mdeep filled with 
gravel through which spilled water can filter 
into the soil, or can be drained for irrigation of 
trees. 
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Fig (4.5) Four tap concrete standpost 
 
 
 
 
 
 
 
 
 
 
4.2.5 .7 Water well design   
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Adok formation will be the target zone as per the 
analysis of the master log of unity south as per appendix (D). 
The aquifer is rich with good water quality also iron traced 
in the water with concentration of 0.7 mg/l. 
 
 Design data: 
CASING DATA = 7", 26ppf, K55,  
 
Table (4.5) – CASING DATA = 7", 26ppf, K55,  
Plan CSG setting depth (mtvd) 350 
Plan CSG setting depth (mmd) 350 
Buoyancy factor 0.86 
Mud wt (ppg) 9 
Casing weight (ppf) 26 
Fracture gradient @ shoe (ppg) 12.5 
Next section td (mtvd) 350 
Press @ next td (psi/ft) 0.442 
Gas gradient (psi/ft) 0.10 
CSG inside diameter (in) 6.276 
Press test or b/plug press (psi) 2000 
Max burst allow (psi) 4900 
Max collapse allow (psi) 4320 
Max tension allow (lb) 415000 
 
Use 7", 26ppf,K55 casing as per casing design factor 
calculations Appendix (D). With total depth 350 m as shown 
in Fig (4.3) 
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Fig (4.6) Schematic well head and casing design 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2.6 Ground water treatment and water well cost study: 
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4.2.6.1 Ground water treatment cost: 
   
        The cost included supply of materials, construction and 
commissioning of all ground water treatment units 
illustrated as per table (4.6). 
 
Table (4.6) –groundwater treatment cost  
Item Description Total cost. USD 
1. Cascade  
 Construction of 9 concrete piles for 
foundation 
9000 
 Construction of 2concrete trough 
0.2 m thickness as shown in Fig  
=7.7m³of reinforcement concrete 
7700 
2. 2Slow sand filter  
 Construction of 18concrete piles for 
foundation 
18000 
 Construction of 2 S.S.F 0.2 m 
thickness as shown in Fig  
28000 
 Plumbing cost 6000 
3. Storage water tank 
 Construction of 6 concrete piles for 
foundation 
6000 
 Construction of the tank 16000 
4. 2Elevated tank  
 Construction of 3X3X4m steel tank 
erected on the metal 
17000 
5. Construction of standpost  
 Construction of standpost as shown 
in Fig  
1000 
 Cost of the fencing 750 
Total cost 109,450.00 
  
 
 
 
 
4.2.6.2 Water well cost: 
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Table (4.7) –Water well cost. 
Item Description Total cost. USD 
1. Drilling 8-½˝-97/8˝ hole 6250 
2. Drilling 12 ¼˝ hole 1750 
3. 7˝ Casing plus running the casing 6250 
4. Screen 1500 
5. Well completion services 2000 
6. Pumping test 1000 
7. Water analysis 200 
8. Well cover 300 
9. Fuel consumption 1000 
10. Pumping installation and engine 
support.(5HP,2˝ to be located 180 
feet,Caprari Italian made) 
3000 
11. Construction of pump room 
4mX3mX3m (Steel sheets) 
1000 
12. Turbine pump  2500 
13. Rising pipes 1000 
Total cost 27,750 
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5.Conclusion and recommendations : 
 
5.1Conclusion : 
 
1. 56% from the population consumed their drinking water from 
Bahar Algazal River or from the ponds due to shortage of the 
safe drinking water, which lead to the spread of the water 
borne disease. 
 
2. Although the present water facilities are insufficient to 
provide the required quantities of water, they are suffering 
from poor maintenance. Shortage of chemicals and fuel. Lack 
of spare parts and proper management system, thus they 
cannot be considered as sustainable sources. 
 
3. Nomadic life style presented by defecation in the bushes, 
near houses and near water sources allows for transportation 
of     waterborne disease. However the area is flooded area 
with    heavy rains this lead to the contamination of the 
shallow aquifer from the surface infiltration. 
 
4. It is not practical to cover all the target area by water network 
as most of areas are flat covered with grasses and the local 
people spread at least 12 KM away from the riverbank that 
means there is no possibility to push water in to network by 
gravity, it is essential to use pump to distribute water even 
from the main pipe line to the sub-pipe line thus the cost will 
be very high also the administration and maintenance will be 
very difficult and costly. 
 
5. Bentiu area is rich by ground water aquifers, which located in 
different formations with good water quality except the high 
concentration of iron. Cascade aerator was designed to 
improve the quality of water by removal of iron. 
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6. The total cost for drilling water well and construction ground 
water treatment units and stand post to supply water for 5000 
person is USD 137,250.00 only, which considered less than 
any source. 
 
7. The operation cost for ground water treatment is less than the 
present facilities; moreover there is no need for skilled 
operator as the system is very simple. 
 
8. The proposed solution Cope with life style of the people in 
the area, the people in the area living in 390 villages 
distributed around Benito town and Robkona town and they 
are not willing to change their places. 
 
9. Ground water treatment by using iron removal techniques 
will develop high levels of drinking water in term of quality 
and ensure a sustainable water supply in Bentiu area and 
surrounding rural communities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.2Recommendations: 
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1. To improve the water supply quality in the study area by 
drilling water wells with depths more than 300 m, followed 
by cascade aerators and slow sand filters for iron removal. 
 
2. Establishment of governmental water and sanitation   
authority in Unity state, completely responsible for the 
provision of safe drinking water and sanitation in the whole 
state. 
 
3. Further studies to be conducted for the surface water 
system and the drainage system to prepare the contour 
maps of the area to look for   the possibility of construction 
of perfect water network 
 
.   
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Appendix A - The UN Millennium Development Goals 
                                                              (Lenton R. et al, pp xviii – xix, 2005) 
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Goals Target 
8. Develop a global 
partnership for 
development 
12. Develop further an open, rule-based, 
predictable, 
non-discriminatory trading and financial system 
(includes a commitment to good governance, 
nationally and internationally) development and 
Goals Target 
1. Eradicate Extreme 
poverty & hunger 
1. Halve, between 1990 & 2015, the proportion of 
people whose income is less than $1 a day. 
2. Halve, between 1990 & 2015, the proportion of 
people who suffer from hunger. 
2. Achieve universal 
Primary Education 
3. Ensure that by 2015, children everywhere, boys and 
girls alike, will be able to complete a full course of 
primary schooling. 
3. Promote gender 
equality and 
empower women 
4. Eliminate gender disparity in primary and 
secondary education, preferably by 2005, and in all 
levels of education by 2015. 
4. Reduce child 
mortality 
5. Reduce by two-thirds, between 1990 and 2015, the 
under-5 mortality rate. 
5. Improve maternal 
health 
6. Reduce by three-quarter, between 1990 and 2015, 
the maternal mortality rate 
6. Combat HIV/AIDS, 
malaria and other 
diseases 
7. Have halted by 2015 and begun to reverse the 
spread of HIV/AIDS 
8. Have halted by 2015 and begun to reverse the 
incidence of malaria and other major diseases 
7. Ensure 
Environmental 
sustainability 
9. Integrate the principles of sustainable development 
into country policies and program and reverse 
the loss of environmental resources. 
10. Halve, by 2015, the proportion of people 
without sustainable access to safe drinking 
water and basic sanitation. 
11. Have achieved by 2020 a significant improvement 
in the lives of at least 100 million slum dwellers 
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poverty reduction - both 
13. Address the special needs of the Least 
Developed 
Countries (include tariff- and quota-free access for 
Least Developed Countries’ export, enhanced 
program of debt relief for heavily indebted poor 
countries (HIPC) and cancellation of official 
bilateral debt and more generous official 
development assistance of countries committed to 
poverty reduction) 
14. Address the special needs of landlocked 
countries 
and small island developing states (through the 
Program of Action for Sustainable Development of 
Small Island Developing States and 22nd General 
Assembly provision) 
15. Deal comprehensively with the debt problems 
of developing countries through national and 
international measures in order to make debt 
sustainable in the long term 
16. In cooperation with developing countries, 
develop and implement strategies for decent and 
productive work for youth 
17. In cooperation with pharmaceutical 
companies, provide access to affordable essential 
drugs in developing countries. 
 
18. In cooperation with the private sector, make 
available the benefits of new technologies, 
especially Information and Communication 
Technologies 
 
 
  
 
 
 
 
 
 
 
 
 
 
Appendix B – International Drinking Water Guidelines 
 
Appendix B-1: The WHO Guidelines for safe drinking water 
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                                                                                            (WHO, 2006)7 
Guideline values for verification of microbial quality a 
 
 
Organisms Guideline value 
All water directly intended for drinking 
 
E. coli or Thermo tolerant coli form bacteria 
b,c 
Must not be detectable in any 100-ml sample 
 
Treated water entering the distribution system 
 
E. coli or Thermo tolerant coli form bacteria b Must not be detectable in any 100-ml sample 
 
Treated water in the distribution system 
 
E. coli or Thermo tolerant coli form bacteria b Must not be detectable in any 100-ml sample 
 
a. Immediate investigative action must be taken if E. coli is detected. 
b. Although E. coli is the more precise indicator of faecal pollution, the count of Thermo 
tolerant coli form bacteria is an acceptable alternative. If necessary, proper Confirmatory 
tests must be carried out. Total coli form bacteria are not acceptable indicators of the sanitary 
quality of water supplies, particularly in tropical areas, where many bacteria of no sanitary 
significance occur in almost all untreated supplies. 
c. It is recognized that in the great majority of rural water supplies, especially in developing 
countries, faecal contamination is widespread. Especially under these conditions, medium-
term targets for the progressive improvement of water supplies should be set. 
 
Appendix B-2: Acceptability water quality 
 
Biologically derived contaminants 
  
Actinomycetes & fungi Abundant in surface water sources and can grow on unsuitable 
materials in the distribution network; give rise to geosmin, 2- 
methyl isoborneol and other substances 
 
Animal life Invertebrate animals can be present in raw water sources and can 
pass through the inadequate processes in water treatment works 
and reside in the distribution system. Can also act as secondary 
hosts to parasites. 
 
Cynobacteria and algae Algae blooms may impede coagulation and filtration Processes, 
causing colour and turbidity issues in treated water. Can give rise 
to geosmin, 2-methyl isoborneol and other chemicals and can 
induce cyan toxins in drinking water, which is of public health 
significance 
 
Iron bacteria Causes oxidation of ferrous and manganese salts, leaving deposits 
 
 
 
Chemically derived contaminants 
 
Aluminum   Aluminum in excess of 0.1-0.2 mg/l results in aluminum 
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hydroxide flock in distribution system and iron discolorations. 
 
Ammonia Threshold odor concentration of ammonia at alkaline pH is 
about 1.5mg/l and a taste threshold of about 35 mg/l 
 
Chloride High concentrations give salty taste. The taste threshold is 
about 200 – 300mg/l for sodium, potassium and calcium 
chloride. 
 
 
Chlorine Detectable at concentrations even at 0.3 mg/l to below 5mg/l. 
Taste threshold is about 0.6 – 1.0mg/l. 
 
Chlorophenols Very low taste and odor thresholds. Taste thresholds for 2- 
chlorophenols, 2,4-dichlorophenols and 2,4,6-trichlorphenols 
are 0.1, 0.3 and 2mg/l. Odor thresholds are 10, 40 and300µg/l 
respectively. 
 
Colour Primarily due to the presence of humic and fulvic acids 
(organic matter). Colour levels are detectable above 15 true 
colour units 
 
 
Copper Mainly arises from water leaching copper from copper pipes 
and can vary significantly with length of contact with the 
pipes. Staining occurs at copper concentration of 1 mg/l, and 
imparts colour and bitter taste at 5mg/l 
 
Dichlorobenzenes Odor thresholds for 1,2- and 1,4-dichlorobenzene are at 2-10& 
0.3 – 30 mg/l respectively. Tastes thresholds are 1 and 6 mg/l 
respectively. 
 
Dissolved Oxygen (DO) Reduction in DO in water can lead to an increase in ferrous 
iron concentration, causing subsequent discoloration at the 
tap when the water is aerated. 
 
Ethyl benzene Odor threshold is about 2 - 130µg/l, while the taste threshold 
is 72 - 200µg/l 
 
Hardness Taste threshold for calcium causing hardness is about 100-300 
mg/l, while that for magnesium is likely to be much lower 
 
Hydrogen sulphide Taste and odor threshold is about 0.05 – 0.1 mg/l 
Iron Promotes the growth of iron bacteria. At concentrations of 0.3 
mg/l, iron causes staining and imparts taste. 
 
 
 
 
 
 
 
 
 
 
Manganese Concentrations above 0.1 mg/l, manganese causes undesirable tastes and 
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cause staining. 
 
Monochloramine Monochloramine is formed when chlorine reacts with ammonia in water, 
and can be detected at 0.3 mg/l. 
 
Petroleum oils Low molecular weight hydrocarbon with low odors thresholds can occur in 
water due to petroleum oils 
 
pH pH is an important operational control parameter for treatment processes 
efficiency, although it has no direct impact on customer. Low pH water can 
corrode water mains and pipes in household water systems, which can 
have an adverse impact on taste and appearance. 
 
Sodium Taste threshold is about 200 mg/l and depends on the associated anions 
and temperature of water. 
 
Styrene Styrene’s sweet odor could be detected in water at 4-2600µg/l. 
 
Sulfate The noticeable taste of Sodium & Calcium Sulfate can be detected at 250 
mg/l and 1000 mg/l respectively. 
 
Toluene The sweet, pungent, benzene-like odor of Toluene can be detected at 24 - 
170µg/l. The reported taste threshold is 40 -120µg/l. 
 
Total Dissolved Solids 
(TDS) 
High TDS causes scaling in water pipes, heaters, boilers and household 
appliances. The taste threshold of TDS is at 600 mg/l. 
 
 
Trichlorobenzenes The odor-threshold for 1, 2,3-, 1,2,4-, 1,3,5-trichlorobenzene are 10, 5-30 
and 50µg/l. 
 
Turbidity Turbidity less than 5 NTU is usually acceptable 
Xylem 
 
 
Concentrations at 300µg/l will give rise to detectable taste and odor. The 
guideline value for xylem is based on the lowest odor threshold of 20µg/l 
 
Zinc Concentrations at 4mg/l will impart an undesirable astringent tastes. 
Concentrations of 3-5mg/l will cause water to appear opalescent and 
greasy film appears on boiling 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix B-3: Analysis of Microbial water quality 
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                OECD & WHO (pp48 - 73, 2003)9 provided an analysis of microbial 
and non microbial parameters which are used to assess drinking water quality 
 
Microbial parameters include: 
 
a) Total coli form – Basic information on source water quality, it is easy to detect 
and enumerate in water, include non faecal coli form. Detectable using simple 
inexpensive cultural method. 
 
b) Thermotolerant coli form – Refers to a group of total coli form able to 
ferment lactose at 44 - 45○C and comprises genus Escherichia, Klebsiella, 
Enterobacter & Citrobacter. Total coli form can originate from faeces, industrial 
effluent. It is easily detectable. 
 
c) E. coli – taxonomically well defined; abundant in faeces concentration of 109 per 
gram. Detectable by simple inexpensive cultural methods. 
 
d) Enterococci & faecal streptococci – mostly of faecal origin and generally 
regarded as specific indices of human faecal pollution. Faecal streptococci is more 
resistant to stress and chlorination. Enterococci can be used to supplement E.coli in 
catchment assessment in tropical climates as an index of faecal pollution and can 
also be an additional indicator of treatment efficiency. Detectable by simple 
inexpensive cultural methods 
 
e) Ratio of counts of Thermotolerant and faecal streptococci – >4 indicate 
a human source while <0.7 indicate animal source. Not recommended as means of 
differentiating pollution 
 
f) Direct total counts and activity tests (total and viable bacteria) – provide 
basic info on no of bacteria in water during abstraction and treatment. Not used in 
routine monitoring as the test assesses only general microbial levels and not faecal 
contamination. Simple and rapid. 
 
 
g) Heterotrophic aerobic and aerobix spore former bacterial counts– 
used to assess general bacterial content of water (only those able to grow and 
produce visible colonies on media under prescribed temp and incubation time. 
Useful for long term assessment of water treatment efficiency and cleanliness & 
integrity of distribution system and suitability of water for use in food & drink 
manufacture. Simple, inexpensive cultural methods. 
 
 
h) Bacteriophages – viruses that infect bacteria; easy to detect and enumerate. 
Coli phages is detectable by simple, inexpensive and rapid methods, while 
Bactericides bacteriophages require anaerobic culture facilities & more expertise and 
lab resources 
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 Somatic Coli phages – infect host-specific strain via cell walls (somatic) 
receptors and frequently detected in human and animal faeces. Normal hosts E. coli. 
Somatic coli phages occurs very likely to be related to faecal pollution. However 
inadequate knowledge of their natural history limit usefulness. Suitable index of 
faecal contamination in raw water and treatment virus inactivation and removal 
 
 
 F-specific RNA bacteriophages (male-specific coliphages) – infect 
bacteria through F- or sex-pili. Commonly found in huge number in sewage. Has 
relatively high persistence and similarity to viruses, it is a primary index for sewage 
contamination, treatment efficiency or groundwater protection. Possible to 
distinguish human from animal contamination by grouping Fspecific RNA 
coliphages. 2 groups of RNA and DNA containing F-specific coliphages; 4 basic sub-
group of F-specific RNA coliphages (similar in size, shape and basic composition to 
many human enteric viruses) 
 
 Bateroides phages – outnumber coli form group in human faeces with 
Bacteroide fragilis most commonly found more resistant to natural inactivation and 
water treatment processes that bacterial indicators and decay rate similar to human 
enteric viruses. However, low densities in raw water and currently unreliable 
methods of detection. 
 
 
i) Sulphite-reducing clostridia & clostridium perfingens – C .perfingens is 
faecally specific and is preferred. Clostridia not recommended for routine monitoring 
because of their longer length of survival (false alarm). C. perfingens without E. coli 
in groundwater indicate intermittent contamination. Presence in finished water 
indicates deficiencies in treatment filtration processes and potential for protozoan 
cysts to have passed through treatment process. 
 
 
j) Pseudomonas aeruginosa and aeromonas spp. – environmentally 
widespread. Ps. Aeruginosa commonly found in faeces, soil, water and sewage, but 
multiply in enriched aquatic environment and on organic material surface in contact 
with water. Aeromonas spp. can be found in treated distribution mains because of 
regrowth. Both are useful for assessing regrowth in distribution. Detectable by 
simple, inexpensive cultural methods. Considered as health risk to laboratory staff, 
as both are pathogenic 
 
 
k) Presence-absence test (P-A) – the most probable number method reduced to a 
single tube, indicates if coli form bacteria are present or not. Effective screening 
device for occasional contamination. Very simple to tests Standard procedure in 
APHA, AWWA, WEF 
 
 
l) Hydrogen sulphide test – some bacteria associated with faecal contamination 
produce H2S. H2S strip test is potentially useful for screening water sources and 
drinking water for faecal contamination without access to water testing lab, or a 
simple advanced warning system. 
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m) Pathogens – detecting actual risks of infections rather than potential indicator. 
However, it is impossible to monitor all known pathogens and other unknown 
pathogenic agents 
 
 
 Enteric viruses – always associated with human and animal faecal pollution. 
Can survive for long periods in environment and quite resistant to treatment. 
Enumeration is expensive and time consuming. Most cannot be grown in laboratory 
condition. Requires well-equipped lab and highly trained staff. 
 
 
 Protozoan parasites (Cryptosporidium oocysts and Giardia cysts) – 
variable number found in faeces in human and animal sources including amphibians, 
birds and mammals. Long survival in environment and very resistant to treatment. 
Isolation and enumeration is expensive and requires well equipped lab. 
 
Non-microbial parameters include: 
 
a) Rainfall events – major cause of degradation of source water quality as rainfall 
drives pathogen and soil into and through water bodies, suspend sediments, infiltrate 
groundwater and cause overflow in combined and poorly maintained sewers. 
 
b) Flow – determines availability and production of quality water. Flow affects 
discharge volumes, coagulation & sedimentation processes and disinfection 
efficiencies 
 
c) Colour – denotes presence of humic and fulvic substances, metal and highly 
coloured industrial waste in water; and reflects degradation of source water, 
corrosion problem in distribution system and performance in adsorptive treatment 
processes like GAC. Simple and cheaply measured on site. 
 
d) pH – affects treatment processes. Simple and inexpensive testing methods which 
can be online or in-situ. 
 
 
e) Solids – amount of total, suspended and dissolved solids in water affect removal 
and disinfection processes, as well as taste and appearance of drinking water. In-situ 
or online tests are generally inexpensive and fast. 
 
f) Turbidity – measure of light refracted by suspended solids in water, and is the 
most widely used general application non-microbial parameters which provide 
significant data on treatment processes. Relatively inexpensive and fast in-situ or 
online tests are. available 
 
g) Particle size analysis – general index of removal effectiveness and a good 
quality parameter for filtration. However, online tests are expensive and require a 
high level of skill. 
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h) Microscopic particulate analysis – provide microscopic information on the 
nature of particulates in water. More for research and investigation, rather than for 
routine monitoring. Test is generally not available as it is time-consuming and 
requires well-trained skilled personnel. 
 
 
i) Disinfectant residual concentration – primary data on quality control of 
disinfection 
 
j) Organic matter – indicates potential of heterotrophic bacteria regrowth in 
reservoirs and distribution systems. Measured as Total Organic Carbon (TOC), 
Chemical Oxygen Demand (COD) or Biochemical Oxygen demand (BOD). Tests can 
be carried out with basic laboratory facilities and adequately trained personnel. TOC 
tests, which are applicable to drinking water, can be carried out using online 
instrumentation. 
 
 
k) Specific chemical parameters like Ammonia or Boron – Relatively simple and 
rapid in-field ammonia tests could be used as initial detection of fresh sanitary waste 
contamination. Boron is proposed as an index of faecal pollution, but is limited, as 
use of boron as a water softener in detergents is widely being discontinued. Further 
research, well-equipped laboratories and well-trained staff are required for other 
proposed index chemical parameters like faecal sterols, secretory immunogolobulin 
type A and urobilin 
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Appendix (C):Master log for Unity south 
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Appendix (D): Casing factor calculations 
 
 
CASING DESIGN FACTOR CALCULATIONS
CASING DATA = 7", 26ppf, K55
PLAN CSG SETTING DEPTH (mTVD) 350 NEXT SECTION TD (mTVD) = 350
PLAN CSG SETTING DEPTH (mMD) = 350 PRESS @ NEXT TD (psi/ft) = 0.442
BUOYANCY FACTOR = 0.86 GAS GRADIENT (psi/ft) = 0.10
MUD WT (ppg) = 9 CSG INSIDE DIAMETER (in) = 6.276
CASING WEIGHT (ppf) = 26 PRESS TEST OR B/PLUG PRESS (psi) = 2000
FRACTURE GRADIENT @ SHOE (ppg 12.50      MAX BURST ALLOW (psi) = 4980
MAX COLLAPSE ALLOW (psi) = 4320
MAX TENSION ALLOW (lb) = 415,000
A.   COLLAPSE
CASING ASSUMED HALF EVACUATED OF FLUIDS
External Pressure at Shoe = 537 PSI
Internal Pressure at Shoe = 269 PSI
Acting External Pressure = 269 PSI
PCSB required SF = 1.00
Minimum collapse resistance required = 269 PSI
Maximum collapse allowable = 4320 PSI
Calculated SF = 16.08
CASING ASSUMED FULLY EVACUATED OF FLUIDS
External Pressure at Shoe = 537 PSI
Internal Pressure at Shoe = 0 PSI
Acting External Pressure = 537 PSI
PCSB required SF = 1.00
Minimum collapse resistance required = 537 PSI
Maximum collapse allowable = 4320 PSI
Calculated SF = 8.04
B.   BURST
Shoe Strength = 746 PSI
Max press at csg shoe with full gas column from next se = 508 PSI
Internal Pressure at Wellhead = 393 PSI
-    Based on FULL GAS COLUMN FROM NEXT T.D.
PCSB required SF = 1.10
Minimum burst resistance required = 432 PSI
Maximum burst allowable = 4980 PSI
Calculated SF = 12.68    
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C.   TENSION
Casing Weight in Air = 29855.64 lb
Casing Weight in Mud = 25753.34 lb
Additional Tension for B-Plug and P/Test = 61870.8 lb
Overpull = 150000 lb
Total Tension = 175753.3 lb
PCSB required SF = 1.3
Maximum tension allowable = 415000 lb
Calculated SF = 2.361264
D.  SUMMARY RESULTS
DESIGN MAX. LOADING CASING PETRONAS
FACTOR    HALF Fully MAX. REQD. Half Fully
EVACUATEEvacuated Allowable (S.F.) Evacuated Evacuated
COLLAPSE 268.7008 537.4016 4320 1 16.08         8.04         
BURST 392.7165 4980 1.1 12.68         
TENSION 175753.3 415000 1.3 2.36          
CALCULATED S.F.
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Appendix (E): Distribution coefficient for Gases Kd 
 
 
 
 
